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ABSTRACT 


The present study was designed to investigate 
the effects of growth, anaerobic (high intensity sprint run- 
ning) and aerobic (moderate intensity continuous running) 
training on protein, nucleic acids and connective tissue in 
the left ventricle of male rats. Ten 5-week-old male rats 
were used as basic or initial control group and ninety (90) 
Male rats of which 3 groups of thirty (30) animals; each 
group consisted of: 1- age-matched control groups (Ci4, C25 
and C33); 2- the anaerobic trained groups (AN14, AN25 and 
AN33); 3- the aerobic trained groups (A14, A25 and A33). 

The attrition rate of the present study was 19% of which 4Z 
occurred in the control groups, 7Z and 8Z of the anaerobic 
and aerobic trained groups respectively. The so-called 
anaerobic training program consisted of intermittently 
sprinting on a treadmill set at 30Z grade, at high intensity 
for 15 seconds interspersed by 20 seconds rest repeated ten 
times twice a day, 4 days a week. The animals ran at initial 
speed of 40m/min. to final speeds of 80, 85 and 90m/min. 
after 9, 20 and 28 weeks of training respectively. The so- 
called aerobic training program consisted of continuously 
running on a treadmill set at 8% grade, at moderate intensity 
for 30 minutes twice a day, 4 days a week. They ran at an 
initial speed of 15m/min. to final speeds of 30m/min. after 

9 weeks of training and 35m/min. after 20 and 28 weeks of 
training. Significant growth alterations were found for each 


variable measured except for the RNA to DNA ratio and RNA 
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concentration, in animals 5 to 14 weeks of age. The magni- 
tude of growth change was more pronounced in pre-pubertal 
animals (5-14 weeks of age) as compared to mature aati 
(25-33 weeks of age). Body weight and hydroxyproline content 
were decreased significantly following 9 weeks of aerobic 
training while the adjusted heart weight, DNA concentration, 
weight per nucleus and also body weight were altered signi- 
ficantly following 20 weeks of aerobic training. Ail the 
variables measured in the anaerobically trained groups were 
not affected following 9, 20 and 28 weeks of training. The 
significant increase in the adjusted heart weight in addition 
to significant increase and decrease in the DNA concentration 
and weight per nucleus respectively in the left ventricle, 
would seem to imply that cardiac hypertrophy, if not left 
ventricular hypertrophy were induced after 20 weeks of aerobic 
training. Although the adjusted left ventricular weight of 
the 20-week aerobic trained group was not significantly dif- 
ferent from the age-matched control, the tendency towards 

a larger left ventricle was nevertheless apparent. The ob- 
served results seemed to indicate a consistent trend towards 
a greater improvement in some of the cardiac parameters 
investigated following 20 weeks of aerobic EYaetnine., Sburcner 
aerobic training does not seem to overload sufficiently 


the cardiac muscle to adapt above the already attained func- 


tronal level. 
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INTRODUCTION 


3 
The manner in which the intact organism responds 


to exercise has intrigued cardiovascular physiologists for 
the past Cen tary. 

The cardiac adjustments, necessary to meet the 
demands of the working muscle remain areas of intense inves- 
tigation and speculation. 

However, physical training is thought to: have a 
beneficial effect on the overall functioning of one cardio- 
vascular system. This is based on both epidemiological (Fox 
ana okinner, 1964) and on experimental (Saltin ‘et: al., 1968) 
Studies in humans. Even though most studies on the cardiac 
Sdaptation TOV exercise in vsnall animals are onlyein “their 
infancy, numerous. investigations during the past decade have 
been pepiiehed (Sccultor tevieusial (Barnard. ~ se Lote seVatner 
agas Pagans. 197.6): 

Several investigators have reported that severe, 
rrp ed exe retes induced cardiac enlargement in small 
mavimals (Crews, and Aldinger, “1967; Oscaivet alo. 1971 Ja be 
Penpargkul and Scheuer, 1970; Bloor and Leon, 19703; Jaweed 
SuialtewuLo74- Stell etual...lo7o)o. sinis i sreLvectedmby lan 
increase in the myocardial wall thickness which permits the 
left ventricle to meet the increased wall tension that has 
resulted from the increase radius of curvature (Ford, 1976). 
This increase in mass is considered an important adaptive 


mechanism which enables the heart to adjust itself to chronic 
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work and energy requirement (Young, 1970; Rabinowitz, LO} 3.5 
Ford, 1976). This enlargement in physiologic hypertrophy 

is due to an increase in myocardial cell size without altera- 
tion in myocardial cell numbers (Linzbach, 1960; Crews and 
Reaingver, LOGI =. kord, 1976), 

This structural alteration, induced by exercise 
increases the cardiovascular reserve of exercised animals 
(Crews and Aldinger, 1967; Penpargkul and Scheuer, 1970; 
Rushmer, 1976). 

This adjustment of cardiac mass and of cardiac muscle 
cell size to chronic volume overload of exercise would imply 
that a net synthesis of proteins and nucleic acids Hae taken 
ieee However, following chronic exercise, the myocardial 
protein, DNA and RNA contents have been shown not to increase 
apove normal Jevels (Bell ‘et al.,.1975; Dowell et al.,19/6.a,b; 
Soucanl eet bate 1 97)7 )s 

During exercise the untrained and trained animals 
can increase the cardiac output above resting levels to meet 
the varying metabolic requirement of the whole body. In the 
Mntrained animals, this is provided by increasing, the heart 
rate (tachycardia) with small changes observed in the force of 
contraction (stroke volume). On the other hand, the trained 
animals due to the increase in ventricular mass resulting 
from chronic volume overload during exercise increase their 
cardiac output by increasing the inotropic state of the heart, 
i.e. the force of contraction (Ford, 1976). This adaptation 


is reflected in a lower resting heart rate (bradycardia) 
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commonly observed “in trained animals (Barnard et "aks, ©1976) 
mie Ancr eased force of Contraction or "the "heart has also 

_been observed in isolated perfused heart from trained animals 
with cardiac hypertrophy (Crews and Aldinger, 1967; Penpargkul 
and Scheuer, 1970). 

The biological significance of cardiac hypertrophy 
that develop during strenuous and prolonged muscular activity 
seems to be to provide a greater maximum cardiac output 
(greater reserve of heart rate and stroke volume) and Cone ie 
bute, among other adaptative changes, to the superior perfor- 
Mance of the active.skeletal muscle of the trained animals. 
Theretore, the heart adapts to the circulatory load by 
increasing its mass to meet the varying demands of the body 
during exercise, especially the exercising skeletal muscle. 

The myocardial fibers are supported and are firmly 
attached to collagen forming the "skeleton" of the heart 
thushmer. 1976): The collagen is believed to be exclusively 
synthesized by the connective tissue (Skosey et cee ena 
and is known to be distributed primarily between muscle 
fibers and along blood vessels (Spann et al., 1971). 

During experimentally induced cardiac hypertrophy, 
the connective tissue is increased considerably (Morkin 
and Ashford, 1968; Grove*et-al., 1969 b; Meeson, LO 7 Laie 
the bulk of the DNA synthesis seems to be associated with 
mitotic activity mainly in the connective tissue cells (Nair 


Btealeerig7 1) 


In physiological induced cardiac hypertrophy, the 
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content of collagen was also increased in young rats after a 
severe and prolonged endurance exercise (Bartosova et al., 
T7697; (Chvapit et al., 1973). “Since the collagen in distri-— 
buted between blood vessels, the observed increase could 
reflect the normal distribution of the coronary vasculature 
which can also be increased by chronic exercise (Tepperman 
and Pearlman, 1961; Stevenson et al., 1964), and could tend 
poesivye greater support to the myocardial fibers durine con-— 
Eraction. 

There seems to be a general recognition among in- 
Mestigcators that =biochemical and structural adaptations of 
the myocardium are observed following physical exercise and 
that such changes are beneficial to an enhancement of the 
capacity of the myocardium to do work. 

Most of the reported literature studying the effects 
of physical training on the cardiac muscle have commonly used 
an endurance kind of exercise, i.e. at moderate intensity, 
running continuously for a limited period of time. 

Baldwin et al., ‘C19/7)" have. studied for. thevlfirst 
time of differential effects of two types of training program 
on the cardiac muscle of female rats. The training programs 
consisted of a high intensity interval running and a moderate 
intensity continuous running extended over 10 weeks. The 
high intensity interval training program increased signifi- 
cantly the ventricular weight and myofibrillar ATPase whereas 
no change in these variables was observed after the continuous 


training program. These findings suggested that a higher 
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degree of stress applied to the cardiac muscle of the female 
rats by the high intensity interval running was responsible 
for bringing about these “adaptations. Such changes could 
hrovide the heart with a greater potential for increasing 
stroke volume via changes in its contractile potential. 

Law the-investigaeton=or Hickson et#al.*€L976).2they 
have used very high intensity (sprint) running for their 
training program and have looked at the heart muscle. They 
have trained their male rats to run on a controlled-running 
moeet=at 99m/min:,°'5 days’ per ®week for=S8*weeks:"* The inter 
mittent running program consisted, after the 37th day of 
training, of completing 8 bouts spaced by 2.5 minutes’ of 
inactivity between them. Each bout consisted of 6 repeti= 
tions of running for 10 seconds followed by a rest of 40 
Seconas. thwys very high intensity of running produced a 
Sienificant decrease in the body weight of the exercised 
rats. While the absolute heart weight of the exercised rats 
Was not found to differ from the control, the relative heart 
weight was greater in the exercised group when compare to 
the control group due to the reduction in body weight. These 
findings are similar to those reported after endurance 
training of moderate intensity (Oscai et al., 1971 a; ;Jaweed 
etval., 1974.) Houston (and Green, 1975, Dowell Fetralsy el 97G a). 

PURPOSE OF THE STUDY 

No study at the present time has been conducted to 
attempt to differentiate the effects of an anaerobic and an 


aerobic training programs extended over several months, on 
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selected cardiac parameters in the left ventricle of male 
rats. 

With these observations in mind, the aims of the 
present study are twofold: 

I= to determine the differential effects” of a high 
intensity (anaerobic) running and of a moderate intensity 
(aerobic) running on selected cardiac parameters in male 
Pacs * 

2-— to determine the effects of such training 
programs on selected cardiac parameters at different stages of 


growth and development of male rats. 


DEFINITION OF TERMS: 

l1-—- Adaptive hypertrophy: increase in size of an 
organ in response. to changed conditions, eg. increase in the 
wall thickness of the ventricles due to training; 

2— Aerobic training: exencise stressing the energy- 
yielding system of aerobic metabolism of the animals, also 
known as endurance training; 

3- Anaerobic training: exercise stressing the 
energy-yielding system of anaerobic metabolism of the animals, 
also known as high intensity (sprint) training; 

4- Cardiomegaly: denotes an increase in the mass 
of cardiac tissue in pathological (Badeer, 1972) as well as 
in physiological (Crews and Aldinger, 1967) hypertrophy; 

5- Concentric hypertrophy: increased thickness 


of the walls of an organ characteristic of all physiological 
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enlargement; 

G-SEccentric hyper trepny: hypertrophy of a hollow 
organ with="dilatation of tts cayity and wall thickness: 
characteristic of pathological aye ee 

Hear ratte. “thegvear t'wereht divided spy -the 
body weight; 

8-— Hydroxyproline: contains the amino acid, proline 
which is usually found in collagen. The measurement of hy- 
Groryprotine makes it possible to determine the collagen and 
thus the conneetive tissue of the particular organ; 

9- Hyperplasia: an alternative mode of growth 
consisting of the multiplication or increase in the number 
Siepormnal “cells vor frbers soft “anv orean: 

10- Hypertrophy: another alternative mode of growth 
consisting Sof the enlargement or OVIELSTOWth, Of an organ or of 
eno increase in size Of “Che cell. constituents: 

11l- Ontogeny: the development of the individual 
organism; 

12- Pathological hypertrophy: increase in the mass 
of an organ due to an increase in cell number as well as 
an increase in cell size induced by hypertension and/or val- 
vular disease (Crews and Aldinger, 1967); 

13- Physiologic hypertrophy: increase in the mass 
Of an Organ due to aniincreacse an cell size rather. thangan 
increase in the cell number produced by physiologic activity, 
eg. exercise (Crews and Aldinger, 1967); 


T4—"Protein to DNA ratio or protein per nucleus: 
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represents the relative content of protein per cell and gives 
some indication of cell size (Winick and Noble; 1965); 

15- RNA to DNA ratio or RNA per nucleus: indicates 
the content of RNA per cell of an organ: 

16- Total number of nuclei: according to Enesco 
and Leblond (1962), it represent cell number assuming a 
constant DNA content in a single diploid nucleus; 

1/7- Weight per nucleus: a relativély good indication 
Orethe céhh size»sof an organ according -to Enéscotand LeBlond 


(1962); 


ABBREVIATIONS 
DNA: deoxyribonucleic acid; 


RNA: ribonucheic. taicid: 


EHE EXPEREDMENTAE WMODEL: LEE IRAT 

Inethetpastedecate torvsof thethield tem: Physical 
i eatlige hae opened up to many new area which consisted of 
studying man in motion from the point of view of science. 
Such field of investigation comprises the area of the physio- 
logy and/or the biochemistry of exercise. 

Their main purposes is to Poncuet experiment on 
animals and to look more closely at the effects Of exercise 
at the cellular level: Such objectives can be realized with 
the use of animals. 

However, the ultimate objective of animal research 
in the field of exercise physiology and biochemistry for the 


researcher, would be an attempt to interpret the significance 
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of the result to humans. An objective that is often forgotten 
by many researcher. 
The advantages and/or disadvantages of animal re- 


search in the field of Physical Education are listed below. 


THE ADVANTAGES 

J—- One of the main feature of conducting animal 
tesearch is the accéssibility and the ease of handling and 
controlling of such experimental subjects. In other words, 
they are there when you one them. 

2— The response of the animals to different treat- 
Ments can easily be controlled because of the So uieebare ke oF 
their genetic make-up. Coming from the same strain, the 
animals used, are usually the result of 20 generations. 

3- The use of invasive technique makes it easier 
to thoroughly investigate different parts of the animal and 
therefore opens up different channels of study. This will 
permit the research with a much more understanding of the 
response of different physiological and biochemical parame- 
ters under the stress of exercise. 

4-— Animals are good experimental models to investi- 
gate the effects of unknown phenomena or treatments (such as 


drugs) before it is even tried on humans. 


THE DISADVANTAGES 
1- Experimental data resulting from animal studies 
make it difficult to generalize to the human population. 


But in fact, it can give some perspective of how it would 
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atlect man. 

Z-peihe etfects of *diteerent treatments given to 
animals might not have the same effects on man. This ob- 
waiougly depends of the kind of treatment employed. But in 
reality, it is something that researcher have to speculate 
on. 

3—- Keeping animals in a restricted area, (such as 
in small cages) might not be comparable to a normal environment 
for such animals. In other words, especially in exercise 
studies, the control animals might, in fact, be the experi- 
mental animals. 

4- If researchers are interested in the study of 
mately motion, and if they are interested to promote knowledge 
and facts about the effects of exercise on man, they should 
be conducting their research on humans with the use of proper 


technique (eg. muscle biopsies), and not with animals. 


The’ whole’ field of animal research inthe” fteia 
Se Physical Hducation tres, in’ the phitosophy ofv tive, Terecar cher. 
In other words, he has to ask himself the question: What 
benefit it would have on the advancement of the study of 


man in motion, if he was to conduct experiments using animals? 
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METHODOLOGY 


E—4sANLMAL ~CARE AND SELECTLON 

A total of one-hundred male rats* ((WOF (WTI), 
specific pathogen free) weighing approximately ninety to one- 
hundred grams were obtained through the Director of the Health 
Animals Science Center ‘at the University of Alberta. Upon 
arrival, the four week-old rats were foiteea in individual 
cages. The air-conditioned room was maintained at a tempera- 
ture of 22°C and lighted from L600 to-0600 hours. “All animals 
were fed a normal protein diet (23% crude protein) of Purina 
rat chow (Appendix A-I) and watered ad labitum throughout the 
entire study. 

Previously marked cages served the purpose of 
randomly selecting the animals for each particular group. 
Bouty.640)) rats”? consisted of) ithevcontrol proups and) sixty 
CGO parats ethe tratnineg *eroups, i.e. thirty (30) rats invthe 
interval (sprint) running group (anaerobic) (Table 1). These 
two latter groups were age-matched with the control animals 
and trained for 9, 20 and 28 weeks. 

The two training groups were designated as 
primarily aerobic or primarily anaerobic, and these terms 
were used to differentiate between the two groups constantly 


throughout the study. 


*kThe attrition rate of the present study was 19% from which 
G7 a) Geand e,consisted of -the controls, anaerobic and aerobic 
groups respectively. Therefore, the data were obtained from 


the 81 remaining rats. 
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TABLE 1 - Control and Trained Animals, Code, Number of Animals, 
Training Times and Age at Time of Sacrifice. 


a a clare Da mane one ag amen eee ees ce gem SON Sem em ere mS, Ses ne remap esses een Yen es |Search ces sn ee ees -_—o—oO 
=_— 


Animals Groups Code Number Training Age at 
of Times Time of 
Animals Sacrifice 
CN) (weeks) (weeks) 
BASIC CONTROL GROUP 155 is, 10 - 5 


(no training) 


CONTROL GROUP Cis 9 = 14 
(age-matched with AN14 and A114) 


ANAEROBIC GROUP AN14 8 9 14 
Csprint training) 


AEROBIC GROUP Al4 9 9 14 
(endurance training) 


CONTROL GROUP G25 10 — oe 
(age-matched with AN25 and A25) 


ANAEROBIC GROUP AN25 9 20 Zo 
Ccprint.ct raining) 


AEROBIC GROUP A25 7 20 25 
(endurance training) 


CONTROL GROUP G33 7 - ao 
(age-matched with AN33 and A33) 


ANAEROBIC GROUP AN33 6 Pies i i 
Csprint training) 


AEROBIC GROUP A33 6 28 33 
(endurance training) 


eee we wee we we wees we we we we we wee wee we wee we we wee we wwe wee ww we ss SS a ee SS Oe nS en ene ew es ee 


Before the commencement of the training progran, 
all the animals were given a one week cage confinement so as 
to provide a suitable adjustment to the new environment. They 
were handled during that week and this practise continued 
throughout the experiment. Daily rotation of the cages 


allowed the animals to change position such that no animats 
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remained in the same place on consecutive day. Cages were 
washed and sterilized once a week while the trays beneath 
them were cleaned and swabbed once a day. Food was reple- 


nished when needed and fresh water changed every "second day. 


IIT- ORIENTATION ON THE TREADMILL 

At the beginning of the second week following 
their arrival, the experimental groups (anaerobic and aerobic 
groups) were oriented on a motor driven treadmill (Quinton 
Fodent treadmill) “so as’ to become accustomed to it. 

The treadmilt, consisted of a wide endless belt 
on rollers divided into ten compartments (48 x 9.5cm) sus- 
pended over the belt. This provided sufficient space for each 
animal to run. Motivation was reinforced by an electric 
enoecr (50 Volts) which. wast fitted on a erid at the rear of 
each compartment. The animals learned to keep pace with 


the belt movement by the electrical stimulation (Holloszy, 


967): 


IITI- TRAINING PROGRAM 

Two types of training =procrams were Wwsed*inwthis 
study, i.e. an endurance (aerobic) program and a high sprint 
running (anaerobic) program. One group of animals was trained 
for a period of 9 weeks while two other groups trained for a 
period of 20 and 28 weeks respectively. 

The soeecalled aerobic program consisted of con- 
tinuously running at moderate intensity for thirty (30) 


minutes at) 30-35 meters per minute on the treadmill ‘set cat 
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an 8Z grade. This program was performed in the morning and 
Meee atCernoon Cour, times aiweek Ci ve. Monday, Tuesday, 
Thursday and Friday) (Appendix A-IT). 

The so-called anaerobic program consisted of 
intermittently sprinting for fifteen (15) seconds interspersed 
by twenty (20) seconds rest repeated ten (10) times at an 
average speed of 75 meters per minute (ranged between 40 
meters/min. to 90 meters/min. throughout the study) on the 
treadmill set at a 30% grade. This program was also performed 
an the morning and in the afternnon, four times a week (ive. 
Monday, Tuesday, Thursday and Friday) (Appendix A-III). 

The animals in both training groups were trained 
my strictly adhering to the running programs outlined in 
Appendices A-II and A-III. The total distance (in meters) 
that was covered during the training programs is outlined 
in Appendix A-IV. 

The selection of the two types of training 
program was an attempt to stress the cardiac muscle at 
dveterentawork loads, i.e. *speciite training=progranms=pre— 
ferentially ¢stressing either the aerobic or) the anaerobic 


energy-yielding systems of the skeletal muscle of the animals. 


IV- EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS 

| A 3 x 3 factorial design (fixed model) was 
used in the present study (Keppel, 1973). The three levels 
of factor A (treatments) consisted of the control groups 
(CLA, C25¥and«G33); stheednaerobicagroups (AN14, AN25 and 


AN33), and aerobic groups (A14, A25 and A33) 31/7) The “three 
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levels of factor B were the extent 6f the running program, in 
weeks and consisted of the 14-week-group (or 9 weeks of trai- 
ning), the 25-week-group (or 20 weeks of traininse) and: the 
33-week-group (or 29 weeks of training). 

A two-way analysis of variance was used to 
determine which, if any, main effects were significant 
between treatments (factor A), between training time and/or 
growth (factor B) and also if any interaction (AB) effects 
were significant as outlined in Table 2. 


TABLE 72Z—. gAstTwouWayvAnalysis .of Variance 
Table for Comparison of Group 


Means. 
FAGLIOR 6 
9 WEEKS 20 WEEKS 28 WEEKS 
OF OF OF 
TRAINING TRAINING TRAINING 
CONTROL GLLWES) C25 (10) €33* 67 
SEs MOC Ne OTT et a) PE rc tT te RN PE Ue, See (ELS ee 
fom 
= ANAEROBIC AN14 (8) AN25 (9) AN33 (6) 
Ce ee ee i eee ee a ae a mae can ee ws Pe a en ae one ae rs sae Se 
< 
fy 
AEROBIC Al4 (9) R257 C7) A33 %C6) 
a-~ Number of Observations in each cell. 


Tf sienificant F-ratios were obtained... A, one- 
way analysis of variance between groups and time of training 
executed to test for simple main effects. If the one- 
way analysis of variance was significant, a Student Newman- 


Keuls (SNK) test was used as comparison between individual 


means. 
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A one-way analysis of variance was also employed 
to see whether the various changes in the cardiac parameters 
as a result of growth (between 5-week-old animals (BC) to 33- 
week-old animals (C33) was significant. Im addition, a 
similar analysis me conducted between the basic control and 
mene experimental groups .so,as_to investigate the training 
effects on the developmental patterns of the parameters under 
study. 
The dependent variables investigated in this 
study are listed below: 
Le. DODYeWEiGHl in crams (om): 
2- HEART WEIGHT in milligrams (mg); 
3- ADJUSTED HEART WEIGHT in mg; 
4- LEFT VENTRICULAR WEIGHT in mg;3 
5- ADJUSTED LEFT VENTRICULAR WEIGHT in mg; 
G-n2 TOTAL sLebt oVient ri cular PROTEIN ein mo 
7—* TOTAL Left: Ventricular DNA inemicrocrans 
(ugm) ; 
8— TOTAL. Left Ventricular RNA in ugm; 
Q9— \SOTAL Lett Ventricutar HYDROXY PROLING 0 
ugm; 
10- LEFT Ventricular PROTEIN CONC. in mg/gm 
of wet weight; 

11- LEFT Ventricular DNA CONC. in mg/gm of wet 
weight; , 

12- LEFT Ventricular RNA CONC. in mg/gm of wet 


weight; 


‘aaa 
cat 
S07 


ea: ont fata pe taee nents ty: Joel 


rid Se as naa n hes baa ae 


Hite, Logthes ieead. aH: setnied ndaae 


; grigke ate 2 he eave, ot Bp 
+a haty Jomsy eg aa ts Aree 3844 ‘pshtanin 


= on ie 


; f HAN 
: ac . : ne + 1 : : 

‘ , | he : 
< : = Pp me 4 


iste tee) bse <Htteauce s als at vey, neha uot 


wre}. aiarae gi y tit PHOTAM ioe ane ea 
ey a ‘ a ae 
7 (sm, Sates fe es ud mi sale ae 
Fr fi ; f aN er i. 
12) THOSAW MEER halide rh 
| sf ua i ! if 
» wen } ; Ee oS ust anaay ee : ite ‘iS 
| ; ie hey laa a av 
tor ht THORS me stk Sahat Och etait qiak: FS uot hom 
Wee 2 er) ‘hae: ob ' =* 
a a) ike ee Lal Oat re tas pra ney 12 tat sie: Pine 
ae” ' | | * ih Wy") 
\. “sess is Fe oh AMM as lyoliens yy Yea “Lbeay a ay Snel 
; } c ae hi ‘ ae ; af 
& aah ; . shy 
; = a ‘ m “ 
eit | >) Siar 
cart md Avd Teludisdos¥. sian ne am ae G 
SMAI ee ibe ae aT “he = aN 
i JOA TYROAL YH TStBSi 1 sna das ae i: p ae ae 
ip al - , 4 
; : mga. & 
be ae Fi 
| : 4) ; oh en Ge . uy : , i Oh 
eaven ah . 000 MINTOSS. tei pia v Rae aes D 
s ne E : ‘ pony) 9.10. ks i : 
‘ 4 ‘ : ras a a 
idgify tow ve) Bo a ; 
7 ie: 


feu. 16° ws\ ee #l. 0K00- ANG *s a a td Mths: i 


) - i OYE ial 


7 ot 5 cal a eat ; a > 
ve | Le oy ae yo he Pe 
fom ; 7 ot wi , iad _ > vA aka 

. 7 i Sy : ie J j 7 Va 
nv hs 7 oe <1 vee 
i : _ 7 7 Ae Tr 7 ; 7 Ae . 8 a ‘o 7 7 
Ay oe st: ' i ih : 7 ae aa os LE 
“e ee 1 2 NOR eg 


De 


t3- LEFT Ventricular, HYDROXYPROLINE -CONG. “in 

mg/em of wet weight; 

14- LEFT Ventricular RNA to DNA RATIO: 

LS—> LEFT Ventricular PROTEIN’ to; DNA RATIO; 

16- Total NUMBER OF NUCLEI in the Left Ventricle 

Cin, midtions):: 

17- WEIGHT PER NUCLEUS of the Left Ventricle 

in nanogram (ngm). 

The dependent variables as listed, were statis- 
tically analysed from the Statistic Package flor the Social 
Sciences (S.P.S.S.™ANOVA) programs according to Nie St alo. 
1975. Significant differences were accepted at the alpha 
(P) 0.05 where P was the probability that no differences 
existed ibetween meansi«. (Thus: im the sbody tof ythe thesis; 
the symbol P ee O..0rrindicatesa statistical by stonifi- 


cant or non-significant differences respectively. 


V- TISSUE PREPARATION 

The experimental animals with their age-matched 
controls, were decapitated (small animal guillotine) two 
Gaye after the last training session. Immediately atter ‘the 
sacrifice the thoracic cage was cut opened and the heart 
quickly removed, dissected out, rinsed in saline solution 
and wiped from excess water and weighed. The atria, valves, 


right ventricle, excess fat and the septum were then removed. 
The remaining free-wall of the left ventricle was weighed 


and frozen in liquid nitrogen and stored at -60 C until 


ready for analysis. 
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VI-—- BIOCHEMICAL PROCEDURES 

A- TISSUE HOMOGENATE 

fhe frozen left ventricles were’ lett standing 

at room temperature for about 15 minutes and then homogenized 
in a tight fitted Polytron homogenizer in re-distilled water 
(1 part d&n 20 volumes). Parts of the homogenate were used 
for UNA and RNA extractions (2.0 ml), protein (0.5 m1) and 
hydroxyproline determinations (1.0 ml). All the biochemical 
analyses were done in duplicate. 


B- PROTEIN, NUCLEIC ACID AND HYDROXYPROLINE DETERMINA- 
TIONS 


Duplicate, protein determinations of 0.5 ml 
aliquots of the homogenates were performed using 4.0 ml of 
the biuret reagent to solubilize protein as outlined by 
Layne (1957). The purple coloured samples were read in a 
spectrophotometer at 550 nm following 30 minutes at room 
.temperature (Appendix B-I). 

The DNA and RNA were extracted with a modifica- 
tion of the Munro and Fileck's (1966) modification of the 
Schmidt-Thannhauser's method (1945). A 1.0 ml volume of 
10Z cold perchloric acid (PCA) and a 2.0 ml volume of methanol 
were added to 2.0 ml aliquots of the homogenate. The samples 
were centrifuged at 4000.x g,for 20 minutes and the resulting 
precipitates were washed and recentrifuged twice in cold 0.2N 
PCA. To dissolve the precipitate 4.0 ml of 0.3N NaOH were 
added and the resulting alkaline solution was incubated for 


i houridnian incubator: setsat 37°C. The alkaline digest 
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was then *aciditied iby addins 2 -0iml Sf MeN PCA nd the 
acid-soluble fraction obtained after centrifuging at 4000 x 
peecor *20 Minutes’ contained “the RNA fraction.” “The precipitates 
were washed ‘and ‘recentrifuged twice In cold @.2N PCA. “The 
Supernatant of these washings combined to the RNA fraction 
obtained from the acidification, contained the ribonucleotide 
products Of URNA ‘hydrolysis. To ‘the remaining pellets, a 4.0 
ml volume of 0.6N PCA was added and the DNA hydrolysis was 
Optained after heating in ‘boiling water for 1S minwtes.© “the 
DNA fraction was finally extracted from the’ supernatant after 
Cenc riiacine iat 4000°%K 2 for 15 minutes. 

Details ol "the nucletceacadiextracuLone mace 
outlined in Appendix B-IIL. 

RNA was determined colorimetrically by the use 
Gieche orcinol reaction as suggested by Schneider €1957). 
The green coloured samples were then read at 660nm in a 
spectrophotometer (Appendix B-III). 

DNA was also determined colorimetrically by the 
indole method of Ceriotti (1955) as modified by Keck (1956) 
by reading the yellow-brown coloured samples in a spectropho- 
tometer at 490 nm (Appendix B-IV). 

The method of Neuman and Logan (1950) was used 
OL determining hydroxyproline. A 1.0 ml volume of concentrated 
hydrochloric acid (HCL) was added to 1.0 ml aliquots of the 
homogenate resulting in a final concentration of 6N HCL. The 
acid solution was autoclaved at 124°C for 3 hours. After 


cooling for one hour the hydrolyzate was neutralized with 
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3N NaOH after adding three to four drops of Congo red ‘indi-— 
cator. The neutralized solution was then diluted to 10 ml 
with water, decolorized with charcoal (Norit A) and final by 
filtered after about 5 minutes: =. Details of the color reaction 
procedure for hydroxyproline measurement are outlined in 
Appendix B-V. 
C-— CALCULATION OF DIFFERENT PARAMETERS 
T— NUMBER OF NUCLELE 

The total number of nuclei which is a represen- 

Bavcion of cell number of the left ventricle was estimated by 


the following equation: 


Total number of me eC Oley ere DNAVOE CleLe ventricle(mg)x10° 
6.2 


where 6.2 is the amount of DNA in picograms (pgm) in a diploid 
nucleus (Enesco and Leblond, 1962; Winick and Noble, 1965). 
2- WEIGHT PER NUCLEUS 
The weight per nucleus which is a representation 
of the cell size of the left ventricle was determined by di- 


waidine total Jeft ventricular weight by, the numberof nuctet 


as follows: 


2 ; 3 
Weight /nucleus(ngm)_total left ventricular weight (gm)x10 


total number of nuclei(millions) 
3- ADJUSTMENTS OF HEART AND LEFT VENTRICULAR WEIGHTS 
The weight of ‘the heart end of the tett ventricle 
from animals with different body weights may be adjusted to 


the body weight of reference animals according to Muller (1975) 


with the following equation: 
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where 8 and G. are the unadjusted means of muscle weight and 


body weight of the aninals respectively; a is the mean body 


mewecuitaot “the control eroups (the relLerence eroup)- and, Bin 


is the adjusted mean muscle weight. 
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RESULTS 


The results of the dependent variables investigated 
in the present study are divided into five major sections as 
follows: 1- body, heart and left ventricular weights; 2- 
left ventricular protein content, concentration and protein 
fo - DNA ratio; 3- left ventricular RNA to DNA ratio, RNA 
content and concentration; 4- left ventricular DNA content 
and concentration, total number of nuclei and weight per 
mucileus; and 5- left ventricular hydroxyproline content 
and concentration. The raw scores and means and standard 
error of the means of the dependent variables as listed 
above, may be found in Appendix C. A code or symbol repre- 
senting groups of animals with their age at the time of 
sacrifice will “yesachitter: throughout the description of the 
results as previously described in Table 1. The summary of 
these symbols is: BC5: S week basic control ¢roup. Cra: 

14 week control group (age-matched with AN14 and A14)3 AN14: 
14 week anaerobic trained group; Al4: 14 week aerobic 
trained group; €25: 25 week control group (ageSmatched with 
WN25 and A2Z5): AN252 Zo week anaerobic trained group; Aza: 
25 week aerobic trained group; C33: 33 week control group 
(age-matched with AN33 and A33); AN33: 33 week anaerobic 


trained group; A33: 33 week aerobic trained group. 


1-— - BODY WEIGHTS, HEART WEIGHTS AND LEFT VENTRICULAR WEIGHTS 
SOD WEL ee 
Figures 1.1 to 1.5 represent the body weight, the 


absolute and adjusted heart and left ventricular weights of 
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Sees cOUperOteeaiamsa is) ‘studied. 

The mean “body weight of the 6C5 was Significantly 
lighter than all the other control and trained groups (Figure 
1). Also, all of the 14-week groups (C14, AN14 and Al4) 
were significantly lower in body weight than the 25-week (C25, 
AN25 and A25) and 33-week (C33, AN33 and A33) groups. No 
significant differences were observed in the body. werehee of 
eties 2 otand 355 week groups.) @he aerobicutrainine program 
significantly decreased the body weights of A14 and A25 when 
Compared to their age-matched control ‘groups respectively. 
The AN25 had a heavier (P <0.05) body weight than the A25. 
Even though the mean body weight of the A33 was lighter 
Enanecos and the AN33,29thic difference: was uot sionificant. 

The heart and left ventricular weights will be 
deseriped in the followingiorder:. vthelletteces ofmigrowth on 
absolute heart» and left ventricular weights, and on adjusted 
heart and left ventricular weights followed by the effects 
of the training programs on absolute and adjusted heart and 
left ventricular weights. | 

Lower mean differences in the absolute heart and 
left ventricular weights of the BC5 were significantly 
different as compared to control and trained groups (Figure 
1.2 and 1.4). Differences \(P ~ 0.05) wereyalso observed. in 
the absolute heart weights of the C14 as compared to the C25. 
The absolute heart weights of the AN14 was significantly 
lighter than the AN25 and AN33. Similarly the A1l4 had a 


significantly lower absolute heart weight than the A25 and 
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BC5 CI4AN14Al4 C25 AN25A25 (C33 AN33 A33 
Groups of Animals with Age at Time of Sacrifice | 


Figure 1. 1 - The Effects of Growth, Anaerobic and Aerobic Training 
| on Body Weight. 


BC5 significantly lighter than all groups 

C14 significantly lighter than C25 and C33- 

AN14 significantly lighter than AN25 and AN33 
_ Al4 significantly lighter than A25 and A33 

Al4 significantly lighter than C14 

A25 significantly lighter than C25 and AN25 
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Groups of Animals with Age at Time of Sacrifice 


Figure 1. 2 - The Effects of Growth, Anaerobic, and 
Aerobic Training on Absolute Heart Weight. 


BC5 significantly lighter than all groups 

C14 significantly lighter than C25 

AN14 significantly lighter than AN25 and AN33 
Al4 significantly lighter than A25 and A33 
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| BC5 C14 ANI4 Al4 €25 AN25 A25 €33 AN33A33 
Groups of Animals with Age at Time of Sacrifice 


Figure 1.3 - The Effects of Growth, Anaerobic and 
Aerobic Training on Adjusted Heart Weight 


BC5 significantly lighter than all groups 
C14 significantly lighter than C25 and C33 
AN14 significantly lighter than AN25 

C25 significantly lighter than A25 
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Figure 1. 4 - The Effects of Growth, Anaerobic and 
Aerobic Training on Absolute Left 
Ventricular Weight. 


BC5 significantly lighter than all groups 
C33 significantly lighter than C25 
Al4 significantly lighter than A25 
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Groups of Animals with Age at Time of Sacrifice 


Figure 1.5 - The Effects of Growth, Anaerobic and Aerobic 


Training on Adjusted Left Ventricular Weight — 


BC5 significantly lighter than all groups 
C33 significantly lighter than C25 
C33 significantly lighter than AN33 and A33 
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The absolute left ventricular weight ‘of “the "G33 
Pos Sagnitacantiy lighter than the C25. Significant mean 
differences were2:also observed in the absolute left ventri- 
cular weights of the A14 when compared to the A25. 

Heart weights and left ventricular weights were 
adjusted to account for differences in body weights of the 
trained animals at the time of sacrifice according to Muller 
Ot97'5.y>: The adjusted heart weight of the AN14 was found to 
bewctenitacantly lower than AN25 (Figure 1.3). No sientficant 
Mean differences were obtained in the adjusted left ventri- 
cular weights of the aerobically trained groups (Figure 1.5). 

The training programs didjmot: producesienificant 
differences between absolute heart and left ventricular 
weights. However, the aerobic training significantly pro- 
duced a larger adjusted heart weight of the A25 when compared 
bomits age-matched control, €25. #Both: training programs 
maintained a larger left ventricular weight in the AN33 and 
Rooeas conpared ito. C335 )55No interaction effects were observed 
in the three weights parameters studied. 

Complete body, heart and left ventricular weight 
data ere outlined in, Appendiz C—I. 


2—- PBEFT VENTRICULAR PROTEIN CONTENT, CONCENTRATION AND 
SHEL VENINIUULAN SAS SSS eee 
PROTEIN TO DNA RATIO 


Figures 2.1 to 2.3 represent the mean values of 
the protein content, concentration and protein to DNA ratio 


of the animals under investigation. 
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Figure 2.1 - The Effects of Growth, Anaerobic and | 
Aerobic Training on Total Protein Content. 


BC5 significantly lower than all groups 
C14 significantly lower than C25 
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Figure 2. 2 - The Effects of Growth, Anaerobic and 


Aerobic Training on Protein Concentration. 


BC5 significantly lower than C25, C33, AN14, 
AN25, AN33 and A33 


C14 and C25 significantly lower than C33 
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Figure 2.3 - The Effects of Growth, Anaerobic and 


Aerobic Training on Protein to DNA Ratio. 


BC5 significantly lower than all groups 
C14 significantly lower than C33 
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The protein content in the left ventricles of the 
BC5 were significantly lower than all groups of animals 
studied (Figure 2.1). The mean differences of the C25 were 
significantly higher than the C14. Neither training programs 
Wraduced changes in the protein content of the trained animals. 

Protein concentration of the BC5 was. not sieniri— 
cantly different when compared to C14, A14 and A25, but was 
significantly less concentrated than the remaining groups 
of animals. CRhigure’ 2975 The mean protein concentration 
Smechesecoouwas: Sionificantlyihveherms than the valmeuwot C4 
and €25. Although trained animals in the 33-week aerobic 
and anaerobic groups were 33 and 19 mg/gm of wet weight 
higher than the 25-week trained groups respectively, these 
differences were not significant. 

Significant gnuowth adifterencesiiing thepproteing to 
DNA ratio were observed in the BC5 as compared to all groups 
Ge ranimais L(Rigure j2.3)4 \2he proteameto DNA. rattovarsthe C33 
increased significantly above the 14-week control group. The 
anaerobic and aerobic training programs did not produce si- 
gnifiecant alterations in the protein per DNA ratio. 

The statistical analysissdid mot; revealvinteraction 
effects in the above parameters. 

Total left ventricular protein, concentration and 


protein to DNA ratio data may be found in Appendix C=IT. 


3-— LEFT. VENTRICULAR RNA TO DNA RATIO, RNA CONTENT AND CON- 
LEPL VENERLUULAN ANS SY A 
CENTRATION 


Figures 3.1 to 3.3 represent the results of the 
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BC5 C14 ANA A14 C25 AN25A25 C33 AN33 A33 
Groups of Animals with Age at Time of Sacrifice 


Figure 3.1 - The Effects of Growth, Anaerobic and 
Aerobic Training on RNA to DNA Ratio. 
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Figure 3. 2 - The Effects of Growth, Anaerobic and 


Aerobic Training on Total RNA Content. 


BC5 significantly lower than all groups. 
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Groups of Animals with Age at Time of Sacrifice 


Figure 3.3 - The Effects of Growth, Anaerobic and 
Aerobic Training on RNA Conceniration. 
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RNA to DNA ratio, RNA content and concentration of all the 
animals under study. 

No significant mean differences were observed in 
the RNA to DNA ratio in all the animals and between control 
and trained animals (Figure 3.1). 

Only the, bGovthat showed a significantly lower 
RNA content when compared to all groups of animals (Figure 
Biv2h The same group of animals were not significantly dif- 
ferent in the RNA concentration (Figure 3:3) f£nemeasla the 
groups of animals.) Training did not alter the growth’ pattern 
Sn sehne RNATcontent,and concentration sAlso, no@winteraction 
effects were found in the above parameters. 

Complete RNA to DNA ratio, RNA content and concen- 
trationtdata are outlined jin Appendix) C—=IIT. 

4-— LEFT VENTRICULAR DNA CONTENT AND CONCENTRATION, TOTAL 

Figures 4.1 to 4.4 represent the mean values for 
DNA content and concentration, total number of nuclei and 
weight per nucleus for all the animals investigated. 

Significant growth changes in the total DNA occurred 
in the left ventricles of the BC5 when comparéd to the 14, 25 
and 33-week control and trained groups (Figure 4.1). Training 
did not produce changes in the DNA content of either training 
groups over their age-matched controls. 

The DNA concentration of the BC5 was significantly 
higher than the control and trained animals (Figure 4.2). 


The A25 showed a significant decrease in the DNA concentration 
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Figure 4. 1 


Aerobic Training on Total DNA Content. 


BC5 significantly lower than all groups 
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Figure 4. 2 - The Effects of Growth, Anaerobic and 
Aerobic Training on DNA Concentration 


BC5 significantly lower than all groups 
A25 significantly lower than C25 
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Figure 4, 3 - The Effects of Growth, Anaerobic and 
Aerobic Training on Total Number of Nuclei. 


BC5 significantly lower than all groups 
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Figure 4. 4 - The Effects of Growth, Anaerobic and 
Aerobic Training on Weight per Nucleus. 


BC5 significantly lighter than all groups 
Al4 and A33 significantly lighter than A25 
C25 significantly lighter than A25 
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over time of training, when compared to the Al4 and A33 
groups. The endurance training elicited a Stent ra came 
decrease in the DNA concentration of the A25 when compared 
Ponats age-matched control, €25, 

Significant growth changes in the total number of 
nuclei and weight per nucleus were observed in the BC5 over 
all control and trained animals CPigpure 42°3° ands 404) eel ie 
A25 demonstrated a significant increase in the weight per 
nucleus as compared to the Al4 and to the A33. The aerobic 
training) program increased significantly: the weight: per 
Mucweus..of the A25 overfits. age-matched Controle C25." In 
contrast, Bath training, programs didiino tual temtuive toe | 
Humber of; nuclei in the’ left ventriele.. No interaction 
effects were noticed in the above variables. 

Data pertaining to the DNA content and concentration, 
to the total number of nuclei may be located in Appendix C-IV 


and the data weight per nucleus results in Appendix C-V.. 


o— LEFT VENTRICULAR HYDROXYPROLINE CONTENT AND CONCENTRATION 

Figures; 5.1 0, 5u2 represent ,the results for hydro- 
xyproline content and concentration in the left ventricles 
for all groups of animals investigated. 

Left ventricular hydroxyproline content of the BC5 
was significantly lower than the animals in the 14, 25 and 
Ba-week control and tradped eroupsiCPLeure pont) aeihe ANNs 
had significantly more total hydroxyproline than did the 


AN14 and the AN25, while the Al4 had significantly less than 
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Groups of Animals with Age at Time of Sacrifice 


Figure 5.1 ~ The Effects of Growth, Anaerobic and 
Aerobic Training on Total Hydroxyproline 
Content. 


BC5 significantly lower than all groups 

AN14 significantly lower than AN25 and AN33 
AN25 significantly lower than AN33 

Al4 significantly lower than A25 and A33 
Al4 significantly lower than C14 
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BC5 C14 AN14 Al4 C25 AN25 A25 C33 AN33 A33 
Groups of Animals with Age at Time of Sacrifice 


Figure 5. 2 - The Effects of Growth, Anaerobic and 
Aerobic Training on Hydroxyproline 
Concentration. 


BC5 significantly lower than all groups 
C14 and C25 significantly lower than C33 
AN14 and AN25 significantly lower than AN33 
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pie AZS ana the A33 groups Overall, the A33 and“AN3S3 2rouns 
had significantly more total hydroxyproline in, the left ven=— 
tricles than the Al4 and AN14 groups respectively. The aerobic 
training decreased, significantly the total conten of, hydro-— 
xyproline of the Al4 when compared to its age-matched control, 
Cla. 

While the hydroxyproline concentration of the BC5 
was significantly less than the 14, 25 and 33-week control 
and trained animals, the C33, A33 and AN33 groups were signi- 
ficantly more concentrated than the 14 and 25-week control, 
aerobic and anaerobic groups respectively (Figure 5.2). No 
interaction effects were observed in hydroxyproline content 
and concentration. 

Appendix C-V contained the data for left ventricular 


hydroxyproline content and concentration. 
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DISCUSSION 


The discussion of the dependent variables is 
Bee sented under five major sections as mention previously: 
1— body, heart and left ventricular Wevehts > “2= 9abect 
ventricular protein content, concentration and protein to 
eer atto; S—~ “left ventricular RNA to DNA vatio; RNA con- 
tent and concentration; 4- left ventricular DNA content 
and concentration, total number of nuclei and weight per 
moeleus; and 5° left ventricular hydroxyproline content 
and concentration. A code or symbol representing groups 
Semaninals with their age at the time of sactifice will 
be used throughout the discussion as previously described 
mm Table I. 

The purpose of the present study was an attempt 
to differentiate the effects of anaerobic and aerobic training 
Proerans extending over several months on selected structural 


and biochemical parameters in the left ventricle of male rats. 


1-— BODY, HEART AND LEFT VENTRICULAR WEIGHTS 

The body weights of the growing animals increased 
continuously up to 25 weeks of age and then plateaued with 
advanced aging. (Figure 1.1). Other studies substantiated 
this «finding (Bloor and Leon, 1970; Oscakh etal. 197) a: 
Jaweed et al., 1974; Houston and Green, 1975; Pitts and Bull, 
1977). According to Oscai et al. (1971 a), the effect of an 
endurance treadmill running program tended to produce a 


levelling off of the body weight between 340 and 410 gms in 
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Pate Tats on a diet of Purina Chow. ,In the sane study, the 
control rats on the same diet continued to gain weight with 
age until they reached about 650 to 700 ems. Consequently, 
the control animals actually became obese throughout their 
sedentary life span. However, the animals subjected to 
aerobic training did not gain as rapidly in body wéight 
following 9 and 20 weeks of training when compared to Se 
age-matched controls., Similar findings concerning a reduction 
in body weight have been reported as a result of endurance 
Peainine (Bloor and, Leon, 1968: Crews et al., 19693 Bloor 
et al., 1970; Penpargkul and Scheuer, 1970; Oscai et al., 
mol as Houston and Green, 1975: Dowell et _al.,.1976, a; 
Sodint et. al... 1977). 

Although the anaerobically trained animals were 
mot sienificantly different-in body weight than age-matched 
controls and aerobic trained animals, the weights tended to 
be somewhat lower than the age-matched controls and heavier 
than the aerobically trained animals respectively. Non- 
significant reductions in the body weight have been reported 
in anaerobic types of training programs (Exner et al., 1973; 
Jobin, 1977). Contrary to these findings, other researchers 
rFeported that high intensity ,training decreased the body 
weight of male rats (Staudte et al., 19/3; Houston and Green, 
9/5-. Hickson et,al.,,1976).. Iti was suggested by Oscai et 
al. (1971 a) that the reduction in the body weight of trained 
Paamale wasethe. result of.an increase in caloric expenditure 


md > decrease in.the caloric,.intake.” ,This appetite suppres— 
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ernie effect was thought to he related to the amount of stress 
evoked by the work load placed on the animals rather than the 
Bamount™ or*exercise’per se (Crews et al., T9600). °Thia. secmead 
to be the case only in older animals (Bloor and Leon, 1970) 
while younger animals tended to be influenced by the amount 
of exercise performed (Bloor and Deon; 19703 -0stcat etea ie. 
1971 a; Dowell et al., 1976 a). Furthermore, the reduction 
in body wéight of trained animals could be accounted for on 
the basis of the lower fat content observed after training 
(Crews et al., 1969). According to Parizkova and Stankova 
(1967) and Parizkova and Koutecky (1968), trained animals 
were usually characterized by an increase in the mobilization 
of FFA from the adipose tissu, a decreased proportion of body 
fat and an increase lipo-protein lipase activity in the heart 
and skeletal muscles. 

Tt seemed that the body weights of female rats 
fended to be less affected by both aerobic’ training “programs 
Merews and Aldinger, 1967; Arcos et’ al.,° 1968, Dowell Gt al.; 
1976 b) and anaerobic training programs (Jaweed et al., 1974; 
Baldwin et al., 1977). According to Dowell et al. (1976 b), 
female rats are not willing or able to perform treadmill 
exercises of the same intensity and duration as male rats. 
Researchers are now favouring the use of female rats to 
overcome the problem of comparing animals of different body 
eeediie ib demonstrated frequently in male rats. 

Findings from the present study seemed to substan- 


tiate that endurance rather than high intensity training 
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tot iuenced the Body weight sto a greater degrees 4 7Since .anly 
aerobic training in the present study produced significantly 
lower Body weights, this Suggested that the amount of exercise, 
and not the increased stress: placed+on the-animals was the 
Peedoutnant factor affecting the body weight. The anaerobic 
animals ran 202 of the total distance covered by the aerobic 
animals, showing further the importance of the amount of 
exercise performed (Appendix A-IV, Tables 3 and 4). Further- 
more, the amount of exercise performed by the aerobically 
trainéd animals would seem to suggest a greater total energy 
expenditure, when compared to the anaerobically trained 
animals. 

The absolute heart weight of the control animals 
increased significantly up to the age of 25 weeks and decreased 
Sieent ly ~from.25:to.33 weeks, CRigure.1.2).. »thise finding isc 
in agreement with the growth study of Jaweed et al. (1974) 
who reported a stenificant .growthuichange upto .22 weeks .of 
age. Thereafter, the heart weight plateaued with advanced 
aging. In the present study, the alteration in heart ;weight 
of growing control animals represented a threefold increase 
during the pre-pubertal period. This is substantiated by 
the works of Bell et al. (1975) and Winick and Noble (1965). 
These researchers noted a fourfold increase in heart weight 
in young control animals over the same age span as the eprnesent 
etudy:4+The absolute sheart weight of the trained animals 
in this study followed a similar developmental pattern. 


The growth in the heart seemed to be a result of 
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en “Increase in*cell size ’(Rakusan, E65; -Zaky “LOPS )eeeoin ct — 
dent with the cessation of the mitotic activity ‘observed 3 

to 8 weeks post-natally (Goss, 1964; Winick and Nob. be,” 2965; 
paeaacalVetral=: .*h9o7; Brown, WO7N, Zak, 1973). This cessation 
of mitotic division in the developing heart paralleled by a 
decrease in cytoplasmic DNA polymerase, was thought to be the 
mechanism regulating mitotic activity in the heart (Doyle et 
mee LO es eC Laycomb;, ~1975). 

A similar growth pattern to 25 weeks of age (P 0.05) 
as shown with absolute heart weight was observed in the absolute 
Wert ventricular weight oi the young ‘control animals (Figure 
twa). =*Théereaf ters it decreased significantly up fers weeks 
ofiage. The magnitude of change in the absolute left ventri- 
cular weight was greater (P 0.05) in pre-pubertal animals 
with aerobic eiaiapas. Whereas in animals trained anaerobi- 
Cally, “the absolute left ventricular weight was increased 
(P 0.05) up to 25 weeks of age and then somewhat decreased 
CP *=70705) "in ‘older “animals. 

Absolute parameters, such as the heart and left 
ventricular weights as mentioned above, are somewhat related 
to the size of the animals (MUller, 1975). As training 
influenced body weight as well as cardiac and/or skeletal 
muscle, these alterations in absolute tissue weight could 
be related to the changes in body weights and not necessarily 
attributable to the different treatments. To overcome the 
problem of comparing animals of different body weights, 
different procedures have been derived (Pattengale and 


Holloszy, 1967; Tomanek and Woo, 1970; Maher et al., L372; 
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Exner et al., 1973). The procedure adopted in the present 
study to correct for the decrease in hody weights of the 
trained animals was a modification of the method described 
By Muller (1975). Since the heart weight (Dunn et ayy 
1947; Vanliere and Northup, 1957; Grande and LaAyLoreet965% 
Oscail et? al.» 1971 a) and left ventricular weight (Dowell 
et al., 1976 a) showed a parallel relationship with body 
weight in normal rats, the mean body weight of the control 
animals was used to adjust heart and left ventricular weights 
Porvditferenees in' body weight. "The adjustedtheart*andtiert 
wentracuLarowetehts are shown’ in’ Figures’ 1:3°and°1i5" The 
AN14 showed a significantly lower adjusted heart weight as 
compared to the AN25. Therefore, 20 weeks of anaerobic 
training increased significantly the absolute and adjusted 
heart@weteht'oftAN25. The difference was* partially”"a result 
of a heavier absolute body weight in the AN25 in addition 
tota®siocnificantly lighter’ absolute heart weight “of “the ANT4: 
This seemed to suggest that 20 weeks of training was of a 
sufficient overload that the heart adapted by increasing its 
mass and that further training did not stress the heart 
Abovesthetattaineéd structural level® 

Aerobic training seemed to induce cardiac hyper- 
trophy following 20 weeks of training as shown in the signi- 
ficantsinereasé in the adjusted héart weight “In the “A25 
(Figure 1.3). Further evidence that cardiac enlargement 
ecburraed  withméndurance training *in“male rats “has “been 


well documented by other workers (Bloor et al., 1968; Bloor 
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peeebeow, O70 Oscal et al... 107s. Sreil et Bee eo) 

and also in female rats (Crews and Aldinger, 1967/3; Vanitere 

et al., 17655 Arcos et al,, 1968s OQscai FEAR LS 7 ata: 

Jaweed et al., 1974). However, some studies have reported 

no cardiac hypertrophy due to aerobic training (Houston 

ana Green, 1975; Dowell’ et -al., 1976 b: Baldwin et ral ROMP oul 0.2 DAF de 
Codini et al., 1977). Jaweed et al. (1974) suggested the 
poesibility that high intensity training might produce cardiac 
enlargement as well as skeletal muscle hypertrophy. This 
hypothesis seemed to be refuted by the findings of the present 
study. Even though the anaerobic group showed heavier 
meyusted heart weights (P 0.05) than.the control animals, 
this difference was not significant. That is, the anaerobic 
training program did not ~Licit an increase in ,;the: size ot 

the heart. In regard to the skeletal muscle size, Wilkinson 
(1977) who used the same training program, showed that the 
skeletal muscle weights were also not affected by this anaero- 
Dic training regimen. 

Since cardiac hypertrophy in aerobically trained 
animals seemed to have occurred in this study it should have 
enhanced the functional capacities of these hearts. Beznak 
(1958) and Arcos et al. (1968) proposed a positive correlation 
between heart weight and maximum cardiac output in relation 
to cardiac hypertrophy. Hence, an increase in’ the jheart 
weight in aerobically trained animals can thus be associated 


wit an increase in the maximum capacity to, deliver blood 


to the exercising muscles. The cardiac efficiency can be 
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/greatly improved if no hypertrophy of the skeletal muscle 
existed. This seemed to be true following endurance training 
(Holloszy, 1967; Pattengale and HOlloszy, 1967. Jaweed fet 
mies 29774). Also associated with cardiac hypertrophy are 
increased cardiac contractility, cardiac reserve (Crews 
and Aldinger, 1967) and myofibrillar ATPase (Baldwin et ec 
1977) which would enhance contractile potential of the 
heart. Aerobic training was found to improve cardiac per- 
formance by altering the intrinsic characteristics of the 
myocardium with a concomittant increase in its functional 
Mer tics (Crews and Aldinger, 1967; Penpargkul and Scheuer, 
moO rPora., “1b9/76s Codini et al... 1977). 

renee the one-way ANOVA showed significant 

pimple main effects (P 0.05) in the adjusted 1lé@t ventricular 
weight of the 25 week groups the Newman-Keuls post hoc test 
did not reveal significant differences between the means. The 
Bojusted left ventricular weight of the A2Z5 was 92 Neavier 
than the C25. This non-significant increase was associated 
with a decrease (P 0.05) in DNA concentration and an increase 
CP -0.05) in the weight per nucleus. These latter changes 
suggested, in fact, that an increase in cell size had taken 
mia ce without left ventricular hypertrophy. Matsumoto and 
Krasnow (1968) however, have demonstrated that when the DNA 
concentration decreased in the ventricles with an increase 
in heart weight there existed an indication ol -inecresse in 
the size of the ventricles. According to Enesco and Leblond 


(1962), the weight per nucleus represented the cell size in 
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a cangie diploid nucleus of the mats heart, further sugges- 
ting, from the present study, that an increment in this 
Parameter would reflect an’ increase in cell size. Jaweed 
et al. (1974) suggested that cardiac enlargement was due 
to an increase in fiber size and not to an increase in the 
pumber of fibers. The present findings tend to agree with 
this suggestion and, in fact, the fibers did hypertrophy 
after 20 weeks of aerobic training. No changes were reported 
mn the DNA content and total number of nuclei (representing 
cell number) after 20 weeks of aerobic training. 

where existed significant differences in the adjusted 
heLt ventricular weights in the AN33 after 28 weeks of train-— 
ing when compared to the control animals. This difference 
would suggest that an enlargement of the left ventrictlés had 
eeccurred.: Lt was interesting to note thatthe Jett ventri— 
cular weights decreased (P 0.05) in 33-week trained animals 
and decreased significantly in the 33-week control animals 
mespectively. This marked decline in ventricularjmass of the 
control animals over the 25 week control group caused the 
33-week old animals to be significantly different from their 
age-matched control group. It would be reasonable to conclude 
that the difference observed was not due to the anaerobic 
and aerobic training programs but to a significant loss in 
the ventricular mass of the control animals 33 weeks of 
age. Tt appeared that in the 33 week-old animals, aging 


initiated a catabolic response with an actual loss ot ven— 


tricular mass: Such 2 loss could be associated with a loss 
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er myocardial» fabers (Bloor and leon, 1970). Ft would) seem 
Piat cardiac hypertrophy or left ventricular hypertrophy had 
not occurred after 28 weeks of anaerobic and aerobic training. 
Both training programs seemed to have been able to maintain 
the weights of the left ventricle to the existing levels. 
2- LEFT. VENTRICULAR PROTEIN TO DNA RATIO, PROTEIN CONTENT 
~AND CONCENTRATION 

A significant increase in the protein to DNA ratio 
from 5 to 14 weeks of age in control and trained animals 
was demonstrated in the present study. Thereafter, the rate 
merinctrease declined in mature animals (Figure’ 2.3). The 
mon—Significant increase in protein to DNA ratio observed from 
14 to 25 weeks may be a result of a balance between the DNA 
synthesis and protein accumulation. However, the 33-~week-6ld 
control animals showed a significant increase in protein per 
DNA as compared to the control animals 14 weeks of age. This 
could be due to a slight decrease in the DNA content (P 0.05) 
Mereure 451) rather than an increase in the protein content 
(CP 0.05) (Figure 2.1) in these mature animals (Winick and 
Noble, 1965). 

No alterations from the aoened control pattern 
in the protein to DNA ratio were demonstrated following 9, 


20 and 28 weeks of training. The protein to DNA remained 


relatively constant between the control and trained animals, 


further substantiating the lack of change in the protein 


and DNA contents in response to chronic exercise (Figure 4.1 


and 2.1 respectively). 
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The protein content of the growing left ventricle 
Pocteased significantly from Sito 1é weeke of age (Figure 
a ee Siniday ef tndines were repomted (by Beli Jer late [Ubd7s) 
in the myocardium of animals 3 to 9 weeks of age. According 
to Winick and Noble (1965) normal growth in young animals 
seemed to be associated with a sharp rise in total protein 
go) the whole heart. » The magnitude of the inerease up to 14 
weeks observed in the present study was the same as that 
reported by Winick and Noble (1965) and less than that of 
Peteet al. Cl9/75) in 3 to 9 week-ald animals. Tt was 
observed in the present study that the protein content rose 
Sigiitacantly upto 25 weeks of age in the control vanimals 
Mecilea Slicht decrease (P- 0,05) at 33 weeks. However, 
there was no significant increase up to 25 weeks of age in 
either training group. This seemed to imply that both 
Ecaining programs resulted in a decrement in, the met ,protein 
Synthesis of the left ventricle when compared to théiraage- 
matched controls. Furthermore, in,both control and trained 
animals the protein content plateaued between 25 and 33 
weeks. This was in agreement with Winick and Noble (1965) 
and Grimm et al. (1966) who found that the protein content of 
the whole heart and left ventricle remained relatively 
constant in mature animals respectively. This would tend to 
imply that the relatively constant amount of protein found 
in young animals was maintained with advanced aging and that 


the existing levels were sufficient to meet the overload 


demands of both training programs. 
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No alteration in the protein content of the left 
ventricle was demonstrated hetween trained and control 
animals. This result was expected in the trained animals 
as’the training did not cause’ an increase in’ the absolute 
left ventricular weight. Findings from other studies have 
Feportad no change in protein content asa result of 
Beawning (Stetiuetrals, 297S¢COscas 48 all, L197 HORS be DSwedl 
Seenteeel O76 pas tMedugoraegcl976e8Sordaht vettab.}41977). 

This might suggest that the training programs did not represent 
a sufficient overload to increase the protein content above 
Rormalelevelsjvorathat*in*facty theséxisting®bévéls were 

large enough to meet the overload demand. 

A significant growth effect in protein concentration 
of the 5 week-old animals was demonstrated when compared to 
the 33 weeks control and trained animals. The control animals 
Showedta sienificant incréase .(R 470405) inVvthée protein’ con= 
centration during growth between 25 and 33 weeks of age 
Gbieure 62. 2:):: nid fav ena lt change in protein concentration 
in these animals was an almost linear increase with age 
(5 to 33 weeks of age). According to Young (1970) the cardiac 
muscle tended to increase in protein concentration with 
growth. The trained animals also showed an increase (P 0.05) 
in the protein concentration between 25 and 33 week-old animals, 
however, the magnitude of change was less pronounced than 
their age-matched control groups. This was due to somewhat 


lower (P 0.05) absolute left ventricular weights observed 


in these trained animals (Figure 1.4). 
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No changes were found in the protein concentration 
jpogettherstrained group following 250020) and) 25 aweekne wok 
training (Figure 2.2). This was similar to the finding s,0f 
soordahtvetral: (1977) who observed no differences in dogs 
submitted to 10 weeks of exercise. Similar findings have 
also Been eo e dane Medugorac (1976) and Dowell et al. 
(1976 a) in young rats subjected to 10 and 11 weeks of chronic 
ererciserrespectively: According to Medugorac (1976)... the 
concentration of myofibrillar protein in young rats submitted 
to pre-pubertal enduzancetraining. was slaghtlyybutweonstantl y 
increased always at the expense of sarcoplasmic and stromal 
Proteins: Although the protein concentration in these frac- 
tions were not measured in the present study, a slight 
increase (P 0.05) over age-matched ‘controls in the protein 
concentration was noticed in aerobic and anaerobic animals 
14 weeks of age. Osieaaychyals. GP97i b) have alsovshownmenat 
the cardiac mitochondria expressed per gram of ventricular 
muscle or per milligram of myocardial protein, did not 
undergo an adaptive increase in concentration in response 
to éndurance exercise. It was demonstrated that the respi- 
ratory enzyme levels, expressed per gram of muscle were 
fivefold in the heart as compared to skeletal muscle in the 
sedentary rats (Oscad etual..gelQ7) a). sthis) further substan 
tiated the lack of change observed between control and 
trained animals in the present study. This may suggest that 
the respiratory enzyme levels of the cardiac mustle of the 


5 week-—old control animals was sufficiently large to meet 
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the increased demands for energy production imposed by the 
aerobic training program. 
~ CENTRATION 

The RNA to DNA or the RNA per nucleus of the left 
ventricle was not affected by growth in animals between 5 to 
@3 weeks of age (Figure 3.1). According to Winick and Noble 
(1965), the RNA per nucleus varied with individual organs and 
was not affected by age. They showed a high RNA to DNA ratio 
during the pre-pubertal period. It would seem that RNA 
obtained a final content per nucleus or per cell in early 
growth of the heart, and stayed elevated thereafter. This 
would also imply that thevkNA was suritecient tovsustern 
normal rates of protein synthesis during normal growth. Winick 
and Noble (1965) have also shown that the RNA to DNA was 
relatively high all through the pre-pubertal period in the 
aot. heart, suggesting that the heart was rich in RNA in 
early growth period. It was also demonstrated that the RNA 
per nucleus was elevated even during rapid cell division, 
implying a high content of RNA per cell even when synthesis 
of DNA was highest (Winick and Noble, 1965). 

No changes were found, in the present study, in 
the RNA to DNA ratio following 9, 20 and 28 weeks of training. 
This seemed to indicate that the RNA per nucleus was sufficient 
to maintain the protein synthetic activity at normal levels 
in the left ventricle even under physical stress. 


Similarly no alteration in the RNA concentration 
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was observed in 5 to 33 week-old control and trained animals 
@oeuGe ono Although the dtrfercences. tere nOL sient i icant. 
there existed a tendency towards higher values in the 5 
week-old animals, thereafter, the RNA concentration decreased 
somewhat with advanced aging. This developmental pattern 
substantiated the findings of other researchers that young 
animals tended to show higher RNA per gm of myocardium than 
older animals (Winick and Noble, 1965; Grimm et al., 1966). 
No changes were observed following anaerobic and Be 
training extended over several months. This was in agreement 
Maen other studies Cpowell et ‘al., I976.a; b; Serdahl et al... 
wey) ) 

The RNA content was significantly Tower in the 5 
week-old animals as compared to all the animals studied 
Gracure 3.2). After 14 weeks the RNA content stayed relati- 
vely constant. According to Winick and Noble, (1965) the 
amount of RNA seemed to be sufficient in the whole heart, to 
sustain normal rates of protein synthesis during normal 
growth. | 

Neither training program elicited changes as 
compared to the control animals in net RNA synthesis in 
the lett ventricle. Other studies have supported this finding 
(Dowell et al., 1976 a, b; Bell et al., 1975; Sordahl et al., 
1977). According to Bell et al., if expected changes are to 


occur in the myocardial RNA, the training stimulus must be 


eppliad for as long a period as possible before the onset of 


ania Since no significant changes were found in the RNA 
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content between control and trained animals, it was unlikely 
that the adaptive response observed after 20 weeks of aerobic 
training in the adjusted heart weight, represented an increase 
in a net myocardial protein synthetic activity above normal 
Heviel. 


4—- LEFT VENTRICULAR DNA CONTENT AND CONCENTRATION, TOTAL 
NUMBER OF NUCLEI AND WEIGHT PER NUCLEUS 


DNA changes in growing left ventricle were marked 
by a significant increase in total DNA and a significant 
decrease in the DNA concentration in animals 5 to 14 weeks 
of age (Figure 4.1 sand 4.2 respectively). Other studies have 
supported these findings (Enesco and Leblond, 1962; Winick 
PreNOple, 1965s, Grimm et al., 1966: Bell et alv. 1975). An 
increase in total DNA content seemed to parallel the increase 
feo. 05) in the Left ventricular weteht in animals ‘of ithe 
Same age. According to Sasaki et al. (1968) 5b) <0 Eo.tads DNA 
content increased - the same extent as the growth of the 
whole nee This would imply that the DNA was being synthe- 
etaed in the deft ventricle of young animals in this study. 
The present investigation aiso showed a significant increase 
in the total number of nuclei and weight per nucleus in the 
animals 5 to 14 weeks of age. Winick and Noble (1965) and 
Enesco and Leblond (1962), also showed an increase in these 
two parameters in the whole heart in 65 and 95 day-old animals 
respectively. This would suggest that during this develop- 
mental period, the left ventricular fibers were increasing 


both in number and in cell size. 
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The DNA concentration was Significantly elevated 
in the 5 week-old animals when compared to all’ animals stuc 
Prec (Figures 4.2). According fo Saeart et* ad” CTOGE* G05 
the high DNA concentration observed in young animals was 
due to the fact that the cardiac muscle cells were smaller 
in size and grouped more compactly during growth period. 

In animals 14 weeks to 33 weeks of age, the DNA 
content and total number of nuclei levelled off somewhat 
(P 0.05). This would suggest that the DNA synthesis had 
ceased in’ these mature animals.” The weight per nucleus’ in 
these same animals increased gradually with age. Such a 
Bie oh? but continuous increase might be an indication that 
the fibers of the left ventricle were increasing in size 
during growth. 

It would seem that after puberty, the growth of 
the Lert ventricle of the aerobic’ group 25° week otf” age 
enlarged solely by an increase in cell size. This was seen 
ho an increase (Pf 0°.05) in’ the weight” per’ nucleus in’ these 
animals when compared to the Al4 and A33. These findings 
agreed with the results of other researchers (Enesco and 
Leblond, 1962; Winick and Noble, 1965; Grimm et al., 1966; 
Korecky and French, 1967; Matsumoto and Krasnow, 1968; 
Sasaki et al., 1968 a, b). Although the differences with age 
were not’ sigeniticant, the observed progressive decrease in 
the DNA concentration up to 25 weeks would imply that the 


fells of the Left ventricle were increasing in cell size 


with age. 
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The left ventricular DNA content and total number 
Preeuuclei weresnot.influenced by an aerobic and an anaenebic 
training proe rans as shown in this study (Figures 4.1 and 4.3 
Beepectively). This was in accordance with other studies 
(Bell et al., 1975: Sordahl et ates LOI) 

In contrast, the A25 demonstrated a significant 
decrease in the DNA concentration and a significant increase 
in the weight per nucleus following 20 weeks of aerobic 
training (Figures 4.2 and 4.4 respectively). These two 
variables, as mentioned previously, were indication of changes 
aaecetl size. According to Matsumoto and Krasnow (1968), the 
DNA concentration Was inversely related to cell «size it 2 
constant diploid DNA content per cell was assumed. Enesco 
and Leblond (1962) stated that the DNA content in a single 
diploid nucleus of the rat's heart was constant and contained 
approximately 6.2 pgm of DNA. They have also pointed out 
Enat the’ weight per nucleus was an index of cell size. Any 
increase in cell size as a result of an enlargement of the 
nucleus and/or cytoplasm would increase the weight per 
nucleus. 

Therefore, it can be concluded that the celt size 


of the left ventricle of the A25 was increased above the 


control level. Since the adjusted left ventricular weight 


and the protein content of the A25 (Figures 1.5 and 25.1 


respectively) were not significantly different from the 


control values (P 0.05), the findings of the present 


study cannot confirm definitely if hypertrophy of the left 
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wentricle had*occurred:” “The trend “toward a larger left 


ventricle of the A25 was nevertheless evident. 


The connective tissue of the cardiac muscle can be 
referred to as the non-muscular proteins which is made up 
totally of collagen. This protein contained the amino acid 
Peoline, which is rarely found in proteins other than collagen. 
The role of collagen in determining the aging process of an 
organ has been considered since it is believed than an 
increase of crosslinkings of the collagen macromolecules also 
meeurred with aging (Chvapil et al., 1964; Sasaki et al <=, 
1976). Therefore, chemical determination of hydroxyproline 
make it possible to determine the collagen and thus the con- 
nective tissue changes of the left ventricle. 

The role of connective tissue represented by 
collagen, in aging is still unknown. The results from various 
studies are controversial. While von Knorring (1970) has 
reported mo increase in the eet haeed content with aging, 
Tomanek et al. (1972) have demonstrated a definite increase 
inhhydroxyproline concentration in rat's heart with age. 
Kiiskinen and Heikkinen (1976) have also found that the 
hydroxyproline concentration in the heart tissue of mice 
increased with age (39% over 19 weeks). 

Findings from the present study revealed that the 
hydroxyproline content and concentration increased signi- 


ficantly with age both in control and trained animals (792% 
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Sven i2oyweeks)~. The control sapimals between _ié weeks to 33 
weeks of age showed a continuous but lower rate of increase 
en bydroxyproline, content..while, the. trained. animals of the 
same age showed a considerable increase (P O05) ar l rae 
rate of increase was somewhat more pronounced (P 0.05) 
Bnethe.anaerobic, animals, (Figures 5.1 and 5.? respectively). 

Aesicnificant.crowth changes in the hydroxyproline 
sourent inythe left. ventricle of«the anaerobically trained 
animals was noticed with advanced aging. While therresults 
Of the present study indicated that the hydroxyproline 
Seutenta,in. the left.ventricle.did not differ, significantly 
in the trained animals scalar ea to their age-matched 
controls — to the aerobically trained animals, mean value 
for this variable was higher in the 33 week-old anaerobically 
trained animals. ‘This progressive rise in the hydroxyproline 
content in these animals would tend to indicate that aging 
associated with. the.intensity of the training program 
gud luenced. to, a. larger. extent, the. left ventricular. elasticity 
and compliance when compared to the aerobically trained 
animals. 

The observed increase in the heart weight following 
20 weeks of aerobic training was not associated with an 
increase in the hydroxyproline content and concentration. 
This increase in the cardiac mass of these animals would 
appear to be correlated with an increase in hydroxyproline 
content and concentration as a result of aging rather than 


trainine. This finding substantiate the results of Tomanek 
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oon (1972) in hearts of malerare and Kitekinen and 
Heikkinen (1976) in hearts of male mice. Therefore, changes 
in the collagen content and concentration in the left 
ventricle of male rats 25 and 33 weeks of age seemed to be 
merecteaqby age and that neither training program altered 
this age-associated enhancement. 

The aerobic training decreases significantly the 
hydroxyproline content of the left ventricle of the Al4 
when need tov the age-matched control eroup Cis. | siiie 
decrement in hydroxyproline content was not expected as a 
Besult of moderate aerobic training. .According to’ Chvapii 
et al. (1973) and Bartosova et al. (1969) when young rats 
were subjected to an intensive training programs, the content 
of collagen in the heart muscle increased significantly over 
the control levels. They considered the young age of the 
animals to be somewhat related to this increase, since no 
changes in the collagen content were observed in older animals 
submitted to the same training programs. Other studies have 
reported no change in the hydroxyproline content and concen- 
tration in young rats (nee eotne mild to moderate training 
Peacrans (Tomanek et al., 1972; Steil et al., 1975; Doweil 
et al., 1976 a; Kiiskinen and Heikkinen, 1976). The findings, 
from this study, that moderate aerobic training in pre-pubertal 


animals decreased the connective tissue considerably may imply 


Phat the ventricular elasticity and compliance of these 


animals were affected, and that the breakdown of collagen 


occurred. 
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There seem to he no rational explanation at the 
present time to explain the observed decrease in hydroxy- 
erodine eontent in pre-pubertal animals after a moderate 
Aerobic training program and the need for more research in 


ehis area seems to'’be justified. 
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Summary and Recommendations 
ee Ue ee 


The present study investigated the effects of 
anaerobic and aerobic training programs extended over several 
months on-selective cardiac parameters in the left ventricle 
Ge male rats. 

1- A significant growth effect was observed in 
animals 5 to 14 weeks of age in almost all variables inves- 
tigated, except the RNA to DNA ratio and the RNA concentra- 
tion. The magnitude of change was more pronounced in pre- 
Peer tal animals (5 to 14 weeks of age) as compared to post- 
Peper cal animals (25 to 33 weeks of age). There seems to be 
a need for further research studying the differential effects 
of similar training programs in postnatal animals up to pu- 
berty. 

2- Nine (9) and twenty (20) weeks of aerobic 
imaining significantly,reduced the body weights of the trained 
animals when compared to their age-matched control. There 
seemed to exist a general concensus among researchers of the 
influence of aerobic training in reducing the rate of growth 
Sr body weights inimale rats. 

3- Twenty (20) weeks of aerobic training seemed 
to have induced cardiac hypertrophy. Even though the post 
hoc test did not reveal significant mean differences in the 
adjusted left ventricular weight in the aerobic trained 


group, there existed evidence that the left ventricular 


fibers had increased in size. The training program elicited 
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e@ steniticant decrease in the DNA concentration and a signi- 
ficant increase in the weight per nucleus implying that in- 
erease in the size of the left ventricular fibers had Of curried. 
Since the adjusted left ventricular weight was not signifi- 
Cently different from the control, weight the Findings or the 
present study cannot definitely confirm that cardiac hyper- 
trophy of the 25-week aerobic trained group had occurred. 
However, the trend towards a larger left ventricle was de-— 
Monstrated. 

a The selected training programs of varying 
intensities and duration, adopted in the present study in- 
fluence somewhat the growth pattern of the left ventricular 
nucleic acids by maintaining previous existing levels with 
advanced aging. If drastic changes are to be expected in 
these biochemical parameters as related to training, the 
=e must -be applied very early in life when protein 
eynthetic activity is highly elevated. During the early 
growth period the DNA and RNA might be more susceptible to 
change under more severe physical stress. 

5S). There ts a need for further, research ia 


establishing the effects of training programs of different 


intensities and duration on the connective tissue in the — 


heart of young animals. The observed decrease in the hydro- 


xyproline content after 9 weeks of aerobic training was 
not expected and cannot be explained at the present time. 
The observed results seem to indicate a consistent 


tendency towards a greater improvement in some of the variables 
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investigated following 20 weeks of aerobic training. Further 


training does not seem to overload or stress sufficiently 
the cardiacemuscle.to adapt abowei the already attainedsfunctional 


jevel. Similarly, it seemed that high intensity sprint 


training does not elicit changes in any of the variables 
Measured. This would imply that the duration and the amount 
of exercise rather than the intensity of training elicited 


selected ventricular adaptations in response to chronic endu- 


tance exercise. 
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APPENDIX A-I 
REVIEW OF LITERATURE 


I- NORMAL GROWTH AND DEVELOPMENT OF THE HEART IN RATS 

Hypertrophy and hyperplasia are two alternatives 
modes of growth of an organ. That Ls 5;,theagrowth, can sproceed 
by an enlargement of already existing cells .onuby an increase 
in the number of cells or by a combination of both (Goss, 
Tien Goss; 1966; ,Poupa set .al.,.1970; »Brown, «1971),. 

These two phenomena are organ-specific. The organs 
ean be placed under functional demands that can alter the 
growth pattern diffBRerently., This will »sdepend.on.thesquality 
of the stimulus that induces growth and the time of ontogeny 
upon which such,stimulus)is, applied. 

The hypertrophic and/or hyperplastic growth of the 
heart exhibit an interesting sequence of changes during normal 
moowth-«fLromathe,embronic «stage,,to.birth;and, torthe.~stage of 
Macunity in«the nats (Goss; ,.1964).. 

A- PRENATAL GROWTH AND DEVELOPMENT 

Autoradiographic studies of the hearts of 14 and 
17 day-old fetal rats have shown a 35% and 60% increase in 
labelling of the cardiac muscle nuclei respectively, after 
Aehours -Of ,administration,of Theeeute atue) (Rumgantsev, 1964). 
It seemed that after conception, growth proceeded entirely 
by cell division represented by an increase in the weight, 
total protein and total DNA content of the heart (Winick 


and Noble,..1965),.. 


These studies suggested that the prenatal growth of 
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the heart was undergoing mitosis or cell division oft 6 
Pocleio ire. “cell hyperplasia and to a lesser degree cell 
hypertrophy (Enesco and Leblond, 1962). 
B- POSTNATAL GROWTH AND DEVELOPMENT 
1- HYPERTROPHY, HYPERPLASIA AND PROTEIN SYNTHESIS 

There seemed to exist little doubt that the cardiac 
muscle cells continue to divide mitotically for some time 
ercer®birthVespecially in the neonatal period. ‘The activity 
appeared to be between 20 to 65 days (Goss, 1964; Winick and 
Mentesel9os; °RBrown, 19/13“Zak,° 2973). 

This is toincident with the DNA content which 
increases more rapidly than the weight of the heart, confir- 
Ming the increment in cell fates Val rye and Leblond, 1962; - 
mecaki et ah.) 1968 a). 

Restuits™ froma wecent study indicated that (CH?) 
Thymidine Incorporation into DNA in cardiac muscle of the rat 
ceased completely by the 17th day of postnatal development 
(Claycomb, 1975). It was concluded that in the terminally 
differentiated ventricular cardiac muscle cell, the DNA 
synthesis and mitosis were irreversibly repressed and can 
occur no longer during the remaining life span of the animal. 
This has also been suggested previously by other workers 
(Morkin and Ashford, 1968; Grove and al., 1969 b; Skosey et 
a. P97 2) % 

It was thought that the decrease in cytoplasmic 
DNA polymerase was the mechanisms regulating activity inthe 


myocardium (Doyle et al., 1974; Claycomb, 1975). This enzyme 
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seemed to parallel temporarily the reduced rate of DNA synthe- 
sis between day 1, to day 17 after birth. Thereafter, the 
myocardial cell enlargement overpowered cell proliferation 
and became the. principal process by which the heart as a 
Biotec entarged. (Zak, 1973; Jaweed et al., 1974). 

pome investigators still favor an increase in muscle 
cells in growth and in hypertrophy during the postnatal 
period (Grimm et al., 1966; Korecky, and French, 1967+ Sasaki 
et al., 1968 a,b). These researchers have found that the 
cardiac DNA content increases as the heart enlarges. Assuming 
menat the DNA content per nucléus was constant (Sasaki et al., 
M968 b) the only conclusion that can be reached was that the 
number of cells had also increased. 

On the other hand, Matsumoto and Krasnow (1968) 
have found that the DNA concentration in the left ventricles 
decreased with increasing heart weight, indicating an increase 
in cell.size of. this ventricle during normal growth of the 
Lots a 

The RNA per nucleus of cardiac cell varied with 
individual organ and seemed not ee be affected by age (Winick 
and Noble, 1965). There exist a high RNA to DNA ratio even 
during rapid cell division of the heart. It would appear 
that RNA obtained its final content per nucleus or per cell 
in, early ater of the organ and was sufficient to sustain 
normal rates of protéin synthesis in normal growth. There- 


after the amount of RNA remained unchanged (Winick and Noble, 


£965). 
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2- MYOCARDIAL CELLS 


Mmereardivac miseVe “cell tinderwent 4 3-fold increase 
in cell size during postnatal development, from about 5 to 6u 
me er eine Late 973) to 11 4 Sto thSu bin tthe advice heart (Rakusan 
and Poupa, 1963) . 

The diameter of the muscle cell of the ventricles 
of different mammals seemed to be the same irrespective of 
the size of the heart. But the number of myocardial cells 
wapted “directly with the! 'stize of /the heart (Zak, 1973), ice. 
the greater the heart size, the greater the absolute number 
@recardiac cells. 

The weight of the left ventricle was normally 
around twice the weight of the right ventricle ‘coincident 
with the pad dinate response to the increase in workload after 
meren “(Goss, 971). The decrease in the r&é¢ht ventricle 
weight relative to the total cardiac mass was probably due 
to the decreased in pulmonary pressure seen in the neonatal 
period (Carney, 1969); Matsumoto and Krasnow, 1968). The 
difference in size of the muscle fiber after birth between 
the two ventricles seemed to be nothing more than a growth 
response toa regularly occurring physiological adaptations. 

3- MYOCARDIAL CAPILLARIES 

An adequate supply of blood is obviously necessary 
for cardiac growth, normal and hypertrophic as well “as°"tc 
optimal myocardial function in delivering the oxygen and the 
required nutrients to satisfy the demand of the working muscles. 


Relais the evidence supporting the hypothesis 
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bust etnereé was no.increase inh the number of cardiac muscle 
Coie GuLing postnatal growth, there seemed to exist an 
inerease in the number of capillaries during the same period 
of ontogeny (Goss, 1964; Rakusan et a een LO OD: ) 2 0 FE te aerate 
attributed to a proliferation of capillaries during a time 
when the muscle fibers were increasing in size (Rakusan et 
Ob. .1965). The diffusion distance increases in relation 

to heart growth and seemed to be shortest in rats 20 to 23 
day-old (Rakusan and Poupa, 1963). 

Whereas, in the adult rat, the number of muséle 
mepers and capillary.density, gradually decreased as a result 
of the growth of the diameter of muscle fibers and the 
Sapiitlary to. fiber ratio .remained.constant i.e. one to ‘one 
(Rakusan ne Poupa., 1963. Raktusanvet aie) oCape This obser- 
vwetion had.also bogs reportediin humans. (Linzbach, 1960), 

In the heart, muscle of old animal (22 months and 
Over), the capillary density was lower whereas the number of 
Mrecle tiber per surface, area, was unchanged... The, result Jot 
such changes was a significant decrease in the capillary 
ratio and a prolongation of the diffusion distance (Poupa 
oe Es Erg Oe Pe 

It was earlier assumed that beyond a critical size 


the growth of the cardiac muscle cells exceeded that of their 


accompanying blood vessels (Goss, 1964).,,° This alteration 


Pould lead to. serious problems of, metabolic exchange due to 


an increase in the diffusion distance. 


Evidence in cardiomegalies due to chronic, exerciee, 
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has indicated that vascularization did keep pace with hyper- 
trophy of the heart muscle (Tepperman and Pearlman, 1961; 
stevenson et--al., 1964).. 

4— MYOCARDIAL CONNECTIVE TISSUE 

During the period of growth and development after 
birth the enlargement of the cardiac muscle seemed to be 
confined to the proliferation of connective tissue, endothelial 
fx Other non muscle Cells (Sasaki et’ al., 1968 a. BLOW), 
meas Lax, L973). 

The role of collagen represented by connective 
fassue, in aging is still unknown, and the results from the 
Peported observations in rats are also Controversial. 

While von Knorring (1970) have reported no increase 
een acing an the collagen, contént in the rat heart, Tomanek 
et al. (1972) have demonstrated a definite increase in hydro- 
xyproline content in the rat heart with age. 

Hence, the correlation between aging and collagen 
Poe the heart muscle of the tats is still not settled (Sasatz 
eural., 1976). 

In experimental produced cardiac enlargement the 
DNA content in the mature heart did increase (Nair et al., 
1971). This increase seemed to be the result of proliferation 
a: NoOnmmuactercelis (Grove et al., L969 "b) since oniy Soto 
a) Or Soteploidization occurred (Grove et al., 1969 1a) auc 
this emall amount was considered to be negligible to the 


increment observed in the DNA content (Nair et Siwy. Lote 


Therefore, the bulk of the increase in DNA content 
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in experimental induced cardiac enlargement is from cells 

Other than the cardiac muscle cells in nature Yate. 

TI- ADAPTIVE GROWTH OF THE HEART IN RESPONSE TO EXERCISE 
A- GENERAL CONSIDERATIONS 

One of the main determinants of cardiac size, both 
in the developing and adult animal is the work load placed 
upon it. This stimulus greatly depends on the stage of 
wevelLopment “of ‘the heart at the “time it £8 given *(Zak 2 1973) . 
For example a work load imposed on the early neonatal heart 
resulted in an enlargement characterized by an increase in 
both the number and Size of the myocardial cells (Bloor et 
ae., 1968; “Zak, 1973). Whereas the adult heart only enlarges 
as a result of an increase in the number of its components. 
Miaweed et "al :5' 71974) i.e. “the connective “tissue €Morkin and 
memrrord, 1966; "Grove et als, “1969 a,b). 

Cardiomegaly has been shown to occur experimentally 
as the Paenit of thyroxine administration (Edgrem et al., 
1976) nutritional anemia (Korecky and French, 1967) aeortic 
constriction (Nair et al., 1968; Dowell et al., 1976 a,b) 
and many others (Bartosova et al., 1969). 

These cardiac induced enlargement studies are 
considered to be appropriate models for pathological'‘heart 
growth. The increase in myocardial mass inmnsuch studies 
Mee the result of multiplication of *myocatdial Sibers as 
well as an increase in size (Crews and AtLdincer > 900). enn 
such pathological conditions the cavity was usually dilated 


mtd twala teferred to as eccentric hypertrophy (Jaweed et al., 
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ieee, uinzbach, 1960.) . 

On the other hand, highly active persons, such as 
athletes and laborers tended to have larger hearts than non- 
Binletes and/or sedentary individual and it seemed to be a 
results of increase demand due to work (Linzbach, 1960; 
Boupa et al., 1970; Jaweed et al., 1974). The heart was 
usually found to be enlarged due to changes in its wall 
Biickness, i.e. an increase in the size of the myocardial 
fiber (Young, 1970) with a concomitant alterations in its 
functional properties (Crews and Aldinger, 1967; Penparkgul 
eromocheuer, 1970:.*Ford,.1976). 

This type of cardiac enlargement is a characteristic 
Oo: all physiologic enlargement (Jaweed et al., 1974) also 
known as work hypertrophy (Crews and Aldinger, 1967) and/or 
exercise hypertrophy (Ford, 1976). 

Whether fe: not the enlarged heart is detrimental 
because of an increase in the diffusion distance fidr oxygen 
and metabolites is still unclear and has not been thoroughly 
elucidated. Some studies do support the hypothesis that the 
hypertrophied heart is more powerful than the normal heart 
(Crews and Aldinger, 1967; Penparkgul and Scheuer, 1970; 
Steil et al., 1975) when cardiac enlargement is induced by 
exercise. 

However, in experimental produced cardiac enlarge— 
ment, evidence to support the hypothesis that the hypertro- 
phied heart might be functionally inferior was self-explana- 


tory by such models simulating pathological cardiac enlarge- 
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The nucleic acids, protein ane connective tissue of 
the myocardium in response to simulated pathological condi- 
tions have been well documented elsewhere (Badeer, 1972; 
Pabanowttz and Laks 1972). 

B- CARDIAC ENLARGEMENT DURING EXERCISE 

Cardiac induced enlargement as a result of chronic 
Serenuous exercise has been a subject of “great interest” since 
Seory in jthis century “(Haiti;*1915* Vaniitere and Northup, 
io7> lepperman and Pearlman, 1961; Stevenson et al? “1964. 
Marrere Gt al., 1965; "Crews and Aldingeér, "1967" Arcos et 
fm elooos Bioor et al., 96s? "Aldtncer, 19705 Broor and 
meow, L970; Leon’ and Bloor, 1970; Penpargkul and Scheuer, 
Peo eer oupacet al... LOTUS" Oscair ét"al.e T9397 ay Oscar cleat. 
moe p. -lomaner “et al.y bO722*Jaweed” et-al,, LOS: Steil et 
ES is WS 7 eS 

The stimulus that produced the dramatic alterations 
Pr the structure and function of thesmyocardium is still 
unknown (Badeer, 1972; Meerson et al.5° 1974). It seemed that 
the mechanism regulating the cardiac enlargement induced by 
exercise is in direct contrast with the cardiac enlargement 
mechanisms employed during experimentally induced cardiome- 
Paltes (Dowelivet al., L976 ae ar 

Cardiac enlargement is considered to be an impor- 
tant adaptive mechanism whereby the heart’ is" able Lo” sustain 


Phesimerease circulatory load produced by exercise (Young, 


£970). 
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1- AGE AND SEX OF THE ANIMALS 

fhesefhiects ef age on the varwoue functions of the 
myocardium have been extensively reviewed elsewhere 
Mcetstenblith et al. , 197 oe 

Ci is important’ fo consider the age of the animals 
when determining the ratee for the cardiac enlargement, because 
of the peculiar sequence of growth and development unique to 
eherheart at different. periods of development (Goss, 1964). 

Bloor et al., (1968) have shown that mila to mode— 
rate swimming produce cardiac enlargement in 4 week-old animals 
after 10 weeks of swimming one hour twice a week and one hour 
every day respectively. it was suggested that the enlargement 
wocmaueclesult Of an inerease in the number of myocardial vcells 
(hyperplasia). In another study, using the same swimming 
peovecans. Bloor ,et al., €i970) have concluded that the hearts 
of young rats increase Significantly in weight under mild 
physical stress which didn't produce cardiac enlargement in 
older rats Submitted to the same program. 

When young rats (2 months old) were subjected to 
run 24 meters per minute for 30 minutes spaced by 30 minutes 
rest repeated 6 times every day for 7 weeks, the content of 
collagen in the heart tissue increases due to the intensity 
of the training program (Bartosova et al., 1969; Chvapil et 
al., 1973). When older rats (8 months old) were submitted 
no change in the content of 


to the same training program, 


collagen was reported. The investigators suggested that 


physical activity affected the growth pattern of collagen 
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Signatdcantilys invyoung, rats 

A recent study, using 3 week-old rats and submitted 
them to swim one half hour every day has shown no change in 
heart weight after 3, 6 and 9 weeks of swimming (Bell et ai... 
1975).. They have also reported that the swimming program 
didn't alter the growth rate and development of the heart. 
This was also substantiated by Houston and Green (1975) where 
they have-demonstrated that the experimental animals that 
ran 24 minutes at 50 meters per minute on a 12% grade, their 
hearts were not significantly different in weight than the | 
control hearts in rats 3 to 4-week-old. A consistent tendency 
was observed towards lower heart weight, although, not 
Sreniticants 

It would appear that the physiological stimulus 
of i physical exercise is most effective very early in life. 
The ideal. period. seemed to be between the ages of one and 
ft veawoeeksiatter birthe(selll etrals, 3:9 75) 

Tneaduit rates tudicsee Benmore: intensivegtradndns 
program is favorable in producing any change in the heart 
weight (Bloor end Leon, 1970). 

The training programs given to male rats, regard- 
tended to decrease significantly the body weight 


less of age, 

‘when compared to control animals. This reduced body weight 

increased the heart weight to body weiehtratior (heartaratia) . 
Most studies on adult animals were done on female 


rats (Vanliere and Northup, 1957; Crews and Aldinger, 1967; 


Oscaiuetealay 197lias Javeeds ety ales 1974). «Iteseemed that 
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the body weight was less affected by the intensity of the 
moans program (Oscail (et) adj =u07 7 b) as demonstrated in 
the heart weight which increased SaAgniticantily ‘over thre 
control hearts. 

In older rats (46 to 50 weeks old) subjected to a 
moderate swimming program for 10 weeks had their body weights 
and ventricular weights significantly decrease as compared 
fomcne Control sroup of the same age (Bloor et: al., 1968). 
The heart ratio of such rats was not altered even though there 
seemed to be a loss of myocardial mass. 

When similar training programs were given to both 
maerenand female rats, the latter exibited the greatermdeeree 
of cardiac enlargement (Vanliere and Northup, 1957). Also 
when female and male rats were subjected to an identical 
swimming program the female rats’ had a greater increase in 
heart weight reads, We Len tarrat to (0s cai wet tal oe boi te Dy) 
Hiawas cuecested that the difrerence in thes observed ‘cardiac 
enlargement was on account of the reduced body weight déemons— 
Prated by) the male rats (Oscai, et al., 19/71 b). 

JTaweeduet tal.unClo pe mbave ee an adapted training 
program from Pattengale and Holloszy (1967) and have reported 
an increase in the heart ratio in female rats. Dowell et al. 


(1976 b) have also employed a modification of the Pattengale 


and Holloszy's training program. Using female rats, cardiac 


enlargement was not produced by such a running program of 


moderate intensity. The authors have suggested that female 


fateisrere not willing .to perform treadmilt exercise of the 
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intensity and duration used with male rats. (Dowell et al Hj 
19:70 «xb dis 

It would appear from these studies that the éttectis 
of exercise on the myocardium gneathly déperd tom the ageson 
the animal. If changes of the myocardium components in adult 
rats are to occur, the intensity and the duration of the 
exercises have to be augmented accordingly. 

2- TYPES OF TRAINING PROGRAMS 

Training programs used with small animals in the 
Study of the heart response to exercise have ranged from 
voluntary running on a revolving wheel (Haiti, 1915; Jaweed 
GStivales, 9:74) -toli.fonced-running on a motor driven streadmill 
Qanliere! and Northup, 1957; Vankiereret val., 665s) Osicaiet 
owe, telo/y) ‘asyiHouston and,Green, 1975: Jaweed et al., 1974; 
Momret ds et tal 64 0 O76 raw Dowellilese t: ial 1c co76rb ye: from swimming 
aml see shanikecw ith, additional weights attached tov(theitr tails 
fCnewsrsand Ad.dinoen,) 1967/15 Bloom et iad. .. 196830 Bloom and 
eon, 970): Oscai. et akwzedd 7a; Oscaiy et lal o> Oe bee Saweed 
et alt.6 F919 Tides Bed As et ail a 1975) ttotwelghthrtting Ihyitelinbing 
maladder® Carrying \weilghts:.on, ‘their backs (Jaweed et al., 
1974). 


a- INTENSITY 


Mild swimming exercise (one hour twice weekly for 
10 weeks) did not produce cardiac enlargement in young rats 
(Bloor et al., 1968) but when the animals were subjected to 


one hour daily for 10 weeks, cardiac enlargement was induced 


by the chronic exercise. In another study where the male 
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animals were swimming a half hour every day for 9 weeks, no 
change in the heart weight was reported (Bell tet ‘ates 2975). 
Pieea, recent study, young male rats were submitted to a running 
program on the treadmill at a speed of 10 meters per minute 
fore 50 minutes per day, for 4 weeks.. . No differences. were 
reported in body weights and in heart weights. There was a 
consistent tendency (although not significant) towards lower 
values in the exercised animals when compared to the control 
momals (Dowell et al., 1976 “a).. 

b- DURATION 

Ingterms of thevduration of the training iproreran-s. 
studies were conducted as short as 3 weeks (Crews and Aldinger, 
mG bell et al., 1975) anf for as tang as 10 weeks (Bloor 
and Leon, 1970) 

In the former’ studies the trainine program ~cons i soted 
Oriswinming six hours per day, six days per, week and One halt 
hour every day respectively. Crews and Aldinger (1967) have 
found a usienificant increase in, heart weight whereas Bell et 
al. (1975) have reported no cardiaccenlargement. Bloor and 
Leon, (1970) have subjected their animals to swim one hour 
twice weekly for 10 weeks and the swimming program didn't 
have any effects on the heart weight and consequently no 
cardiac enlargement was observed. 

Obviously, the intensity of the training program 


seem to be the common factor in producing cardiac enlargement 


in response to exercise. 
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C- SELECTIVE CARDIAC PARAMETERS MEASURED IN RESPONSE 
Ta eS SES Ee SOURED IN RESPONSE 
TO VEXERCISE 


i= MYOCARDIAL WEIGHT 

since the first studyuon. the effects of exerctae on 
the cardiac muscle weight (Haiti, 1915), numerous studies 
have been undertaken (Vanliere and Northup, L957.) Vameptere 
ec al., 1965; Crews and Aldinger, 1967; Oscai et Seis ale Dae 
Jaweed et al., 1974; Dowell et al., 1976 b). Such studtes 
have used the heart weight as an indicator of cardiac nee 
gement. Consequently, a heart ratio (heart weight to body 
weight ratio) was frequently used to establish if an altera- 
tion in the heart growth had occurred as a response to chronic 
excrcise.’ this practise was. criticized by Heroux and Gridcement 
(1958). A regression technique was. suggested to normalize 
the heart weights for differences in body weights at the time 
Om sacritice since it was shown that-.the heart growth didnt 
not parallel the body growth when subjected to exercise (Oscai 
@eai.. 1971 b) as normally observed in control young animals 
Minn. 1947/3) Ostadal et ‘al’., 1967). 

In exercised male animals, the rate of growth as 
indicated by the body weights seemed to be influenced by 
exercise. In most cases the exercised male animals demons- 
trated a less weight gained when compared to free eating 


control male Briel (Haiti, 1915; Vanliere and Northup, 


Hos fs 0scai, et al., 1971 b> Bloor et al. £9652 bi cor, ane 


Leon, 1970; Houston and Green, 19753 Dowell €t at. 427 fond). 


Recording to Oscal et al. (1971 a) male rats that exercised 
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vigourously tended to demonstrated an appetite-suppressing 
SMrect »asimoticed by a reduction .in food intake (Crews et 
Giees 190254 O0ccal- et al .,11969).. 

This -condition appeared not to be the case in 
exercise female rats where no significant changes in body 
weight were found following chronic exercise when compared 
to the control female animals (Crews and Aldinger, LOG yee 
pecoseetaal., 41968; Oscai et al., 1971 a; Jaweed et als, 
1974) and when compared to the exercise male animals (Vanliere 
Pe teNORenuip 6195.2, Oscat ot vale 1971 ab.) 

Cardiac enlargement was suggested to have taken 
muacendtesto,p»thepsienificant increase in, the -beant ss, ratio 
Glaweed .et .al.,.1974). 

in ~nelation..to..this ratio pythere appeaned .to, be «a 
positive correlation between heart weight and maximum cardiac 
eatput (Areos et al #,).1968;; Baznak jet .al.. 1958))55 Bence, 
an increase in the heart weight to body weight 2.510. gin 
exercise animals can thus, be associated with an increase 
in the maximumicapacity, to, deliver blood to the exercising 
muscles. This would be more beneficial if the skeletal 


muscles would not significantly increase in weight relative 


to its body weight. Hence, studies on skeletal muscle invol- 
ving excercises (swimming and running) and also strenght exer- 
cises (i.e. weightlifting) didn't produce skeletal muscle 


enlargement (Holloszy- 1967; Oscad..ctrizbe. L969; Jaweedger 


ala 19074 Hickson .eti ad a OG.) 
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such studies revealed that when assessing a true 
cardiac enlargement in male animals the reduced body weight 
must be taken into consideration. 

2- MYOCARDIAL NUCLEIC ACIDS AND PROTEIN CONTENT 

Investigators have substantiated the fact that the 
cardiac muscle enlarges in response to chronic exercise as 
shown with a concomitant increase in the heart weight to 
body weight ratio. 

The increase in DNA content of the developing 
heart was found to be almost proportional to the increase 
in heart wéight (Morkin and Ashford, 1968). The increment 
observed in the heart weight in response to exercise would 
mecessitate a concomitant increase in the nucleic acids of 
the myocardium as expressed in the DNA and RNA content and 
concentration. 

However «+fewrstudidies Gell etal a, (19753 Dowell 
ettea by, 4191/7 Gad Dowel jet +tali,, 19716 b), thave sat tenpted gto 
evoluatesthe <ekiects! of chnonwe cexercisé son ithetprpoéein 
Synthesis of the cardiac muscle. 

Such studies were conducted inyyoung male (Belle 
Be bade elo SsDowelllretjal., 1976 a) and femate (Dowell et 
aia, 19/6 Sb) ma tc. 

Ome isithudy ‘(Behl et,.al-s, 1975 pebooked longthegetrects: 


of chronic exercise on the growth pattern of tthe teardiac 


muscle In this investigation, 3-week-old male rats were 


subjected to a swimming program of rone half shoum ipéenyday., 


every day for 3, 6 and 9 weeks of duration. ~The, Crainuing 
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program didn't alter the growth pattern of the developing rats 
and interestingly enough didn't produce cardiac enlargement. 
poe heart weight, myocardial DNA’ and RNA content and the total 
myocardial protein content increased Significantly durins the 
first nine weeks of growth, both in control animals and in 
exercised animals. After this period the paremeters measured, 
Stayed fairly constant and no modification was found between 
ene. cONtrOl and the exercised animals at any given time during 
the swimming program. 

The jinvestigators (Bell et al., 1975) have suggested 
Piat in order for any exercise program to influence myocardial 
nucleic acid concentration or protein content, the exercise . 
Must be applied for as long a period as possible before the 
Siset  oL puberty. Suggesting the importance of the age of 
the animals. 

Also in studies using young female (Dowell et al., 
HOo76 6) and male (Dowell et al.,; 1976 a) rats, no signiticant 
changes were observed in the myocardial levels of DNA and RNA 
Peter chronic of similar intensity i.e. 25 meters per minute 
for 60 minutes per day, 5 days per week for 8 and 11 weeks 
of duration respectively. 

Since no significant changes were found in the 
nucleic acids level in the exercise animals (Bellet ala, 
1975; Dowell et al., 1976 a; Dowell et al., 1976.5), Lh was 


unlikely that the adaptive response represent an increase in 


myocardial protein synthetic activity above normal levels. 
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The supporting elements of the cardiac muscle can 
be referred to as the non-muscular proteins, eg. the heart's 
connective tissue, and, also is believed to be the only protein 
in mammalian tissue that contains the imino acid, hydroxypro- 
line (hydro). 

The role of collagen in determining the aging process 
of an organ has been considered since it was believed that an 
increase of crosslinkings of the collagen macromolecules also 
Occur with aging (Chvapil et al., 1964; Sasaki et al., 1976). 
But results reported were inconsistent as mentioned earlier 
in the review. 

In experimentally induced cardiac enlargement, the 
increase in myocardial DNA synthesis was suggested to repre- 
sent the increase in the normal synthesis occurring in inter- 
stitial cells and not in the synthetic activity within the 
myocardial cells (Morkin and Ashford, 1968). 

No increase in the content of the myocardial 
collagen was found when thyroxine was administered to produce 
cardiac enlargement (Edgren et al., 1976) such was not the 
case in other forms of experimental cardiomegalies (Buccino 
et al., 1969; Grove et al., 1969 b; Bartosova et Fs Es } 
Skosey et al., 1972). It seemed that the bulk of the DNA 


Synthesis during such experiments was associated with mitotic 


activity in the less differentiated elements of the cardiac 


tissue (Grove et al., 1969 a). Goss (1966) has suggested 


that the connective tissue elements possessed a greater 
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potentiallity fi6r hyperplasia than striated muscle, This 
was also substantiated by Morkin and Ashford (1968):,, Grove 
Poa. (L969 a) and Skosey- et al. (1972), that the connective 
Cissue cells of the adult heart of the rat in similar inves-— 
tigations, peo ners red rapidly and occurred almost exclu- 
sively in connective tissue cells. 

When young rats (2 months old) were subjected to 
erronic, exercise, the content of collagen in the heart 
pi1esue increases due to the intensity of the training program 
Saartosova et. al.., 1969; Chvapil et al<, 21973). from these 
two studies, the experimental animals were running at 24 
meters per minute for 3 hours, running for 30 minutes 
spaced by 30 minutes of rest for 6 weeks and 9 weeks res- 
pectively. When older rats (8 months old) were submitted 
fo the same training program, no change in the content of 
collagen was reported. The investigators have suggested 
that physical eeiey of such intensity has affected the 
growth pattern of collagen significantly in young rats. 

In contrast to these reported observations, Tomanek 
Beret. (1972). Steil et aly (1975) and Dowell eG aie 7 Gye) 
have shown no change in the content of collagen in rats 
heart in young (2 to 3 monghs old) and older rats (10 to 12 
months old). The intensity of the training program was con- 
sidered mild to moderate in nature, and lasted 4 to 12 weeks. 

These reported studies suggested the importance of 
the intensity of the exercise when applied wery early an 


‘life, if significant alterations in the connective tissue of 
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mie heart were to oceur. 


III- CONCLUSIONS 

Et \seems logical to conclude that the Teperted 
Hiterature on the effects: Gf chronic exercise on some se- 
lected parameters of the heart muscle, can be altered. 

The myocardial nucleic acids seemed not to be 
influenced by any type of exercises. 

The physiological stimulus (i.e. exercise) seemed 
to be more effective in early life than later when the 
animals approach senescence. 

There seemed to be a need of an exercise program 
@f very high intensity extended for several months on young 


fats on the selected cardiac parameters. 


APPENDIX B 


I- PURINA CHOW DIET 


IIT- AEROBIC TRAINING PROGRAM 


III- ANAEROBIC TRAINING PROGRAM 


IV- TOTAL DISTANCE COVERED DURING 


TRAINING PROGRAMS 
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APPENDIX B-I 


PURINA CHOW: 


Crude: protein, mot less than, 202, ge we NY! 
Crude iat wot) beserenhan inet. 4.52 
Cruces tibem UGk mone. Chan, mivee ts G0 
AGS TT Oy I Ga Cain, “a aes wel eulens seers: 9.02 


Meat and bone meal, dried skimmed milk, wheat germ 
meal, fish meal, animal liver meal, dried beet pup, ground 
extruded corn, ground oat groats, soybean meal, dehydrated 
Brfaita meal,| cam molasses, animal fat preserved! with BHA, 


vitamin B supplement, calcium pantothenate, choline 


a2 


entoride, folic acid, ribeilavin supplement, brewers’ dried 
veast, thiamin, niacin, vitamin A supplement, D activated 


plant sterol, vitamin E supplement, calcium carbonate, 


dicalcium phosphate, iodixed salt, iron sulfate, iron ocise, 


Manganous oxide, cobalt carbonate, copper oxide, 2inc oxide, 
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APPENDIX. ¢ 
BIOCHEMICAL PROCEDURES 
t- PROTEIN DETERMINATION 
pip a NUCLEIC ACIDS EXTRACTIONS 
LII- RNA’ DETERMINATION 
IV- DNA DETERMINATION 


V- HYDROXYPROLINE DETERMINATION 
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PROTEIN DETERMINATION APPENDIX C-I 


The protein was measured by the biuret method as 


suggested by Layne (1957). 


REAGENTS * EQUIPMENTS 

a> Cupric Sulfate a=) Test lapess 
(CuSO, .5H,0) ; 

b- Sodium Potassium b- Pye Unicam Spec- 
Tartrate trophotometer 
(NaKC,H,0,.4H,0) 3 

c- 102% Sodium Hydroxide 
(NaOH). 


1- PROTEIN STANDARD (BOVINE SERUM ALBUMINE - BSA) 

Forty to sixty mg of the Bovine Serum Albumine was 
dissolved into 10 ml of resdistilled water making a final 
fomcentration of 4. to 6 mg per milliliter of standard protein 
solution. 

2- PROTEIN DETERMINATION AND COLOR REACTION 

0.5 ml of the homogenate was added with re-distilled 
water resulting to a final volume of 1.0 ml, To the protein 
Podution, 4.0 ml of the biuret reagent was added. The purple 
coloured samples were left standing at room temperature for 
30 minutes and were then read in a spectrophotometer at 550nm. 
The purple complex with Copper Salts: im alkaline solvetton- 
making the biuret reagent, is form by substances (eg. animo 
acids) containing two or more peptide bonds. 

3- PROTEIN STANDARD CURVE 
Similar procedure, as above (2), was employed for 


the standard. The protein standards and blank (re-distilled 
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water) were analysed with each set of protein determination. 


4—-* BIURET REAGENT 
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The BIURET REAGENT consisted of dissolving 1.5 em 
SULEATe.-and=6 gm of Sodium Potassium tar trete 10 
re-distilled water. With Rah oeane SWib tino 47 300 
NaOH was then added. The reagent was diluted to 


with re-distilled water and stored in a paraffin 


Mined bottle. The reagent usually should keep ,indefinitely 


mite mist be discarded 1£ contaminated. 


yo SUNS LITIVITY 


The sensitivity of the method is 0.25 to 200 mg. 
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NUCLEIC ACIDS EXTRACTIONS APPENDIX. C—TI 


The DNA and RNA were extracted with a modified 
Munro and Fleck's (1966) modification of the Schmidt- 
Thannhauser's (1945) method. 


REAGENTS EQUIPMENTS 


a= Wevichioriic AcidwPCA) « a- Sorval Superspeed 
RC2-B Automatic 
me LOL PCAs Refrigerated Cen- 


trifsges 
ts 012K. PCAs 

b- Vortex. Jr.» Mixer. 
(es OF-ON Pe CAre 

c- Polytron Homogeni- 


Liv=sel a2N; PCAs zer; 
b- Sodium Hydroxide dm Vicsbukus co, incubator. 
(NaOH) 


(electrolyte pellets): 
i- 0.3N NaOh. 


c- Methanol (methyl 
Atoohol). 


The frozen left ventricle was homogenized with a 
Polytron homogenizer in re-distilled water (1 part in 20 
wOLumes)., Duplicate of 2.0 ml aliquots of the homogenate 
were used for the extractions of the nucleic acids. 
a- DNA and RNA extractions; 
To these 2.0 ml aliquots: 


+ Add 1.0 mL of 207 cold PCA. mix welies nia 
Vortex. 


fi- Add. 2.0 ml (of methanol, mix well vandeice 
stand on ice for 10 minutes; 


f$4- Centrifuge at 4000 x ¢ for, 20° minutes; 


Discard supernatant and mix pellet with a 
teflon fod; 
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Add 5.0 ml of “OC 2N-PCA. mix well inh a Vortex 
and centrifuge at 4000 x es for 5 minutes 
(repeat twice); 


Add 4,0 ml of 0.3N NaOH to.the pellet or. pre- - 
cCipitate and iAncubape: for, one hour et 357° tn 4 


Wawel eb os c0, Iincubarors 


Add 2 Owl -of Le2Ne PCA. to then Lkadine. soLlation 
and-certerituge at. 4000,x ct for 20 minutes; 


Remove the supernatant (RNA FRACTION). 


Mix precipitate well with a, teflon rodeand add 
S70 mirror O.2N PCA mise Well” tm a Voncex and 
centrifuge at 4000 x g for 5 minutes. Remove 
the supernatant (RNA FRACTION) and repeat twice; 


To the well mixed precipitate add 4.0 ml of 


-0.6N PCA; 


Heat for: 15 mingtes, ta -boliine: water. teqncoa. 
for 0 minutes after heating and centrifuge at 
L000, x 2 tor 1S) minwres: 


Take 1.0 mil of“tne supernatant for the DNA 
determination (DNA FRACTION). 


See Appendices C-III and C-IV for the RNA and DNA 


determination respectively. 
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RNA DETERMINATION APPENDIX C-III 


The RNA contained in the extract and the washings 
were measured by the orcinol reaction for pentose as des- 


cribed by Schneider (1957). 


REAGENTS EQUIPMENTS 
a- Calf Liver RNA a- Pye Unicam Spec- 


trophotometer. 
‘> rerric Chlortde 
(FeCl): 


1=702022Z FeCl, 
dissolved rin 
concentrated 


HCL: 


QO 


c- Orcinol reagent*: 
i= 62. Orecinor. 
1- RNA STANDARD SOLUTION (CALF LIVER RNA) 

Three to four m¢g of the Calf Liver RNA was’ dissolved 
toa o00°-ml gradient flask with O-3N NaOH. The standard 
solution was then incubated for one hour in a V.I.P. CO, 
incubator set at 37°C. Following the incubation, the 
standard was then placed in boiling water for 20 minutes. 
The final concentration of the standard solution was between 
60 to 80 ies per milliliter of standard RNA solution. 

2- RNA DETERMINATION AND COLOR REACTION 

Ae le O. ter Oe FeCl, (O° 022) ana “621 ml of 367 ,06reune | 
were added to 1.0 ml altquots of the RNA fraction COL: mb 
RNA: 0.5 ml re-distilled water) into screw cap tubes and 


placed in boiling water for 20 minutes. After cooling for 


10 minutes the green coloured samples were read at 660nm in 
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a spectrophotometer., The vorcinol reaction depends on the 
Dbydrolysic sof the RNA (Cheatine at 100 C) to (yield fursurat 
from the ribose and this then reacts immediately with or-— 
Gino beto 2iVve- an intensive staple green colour. 
3- RNA STANDARD CURVE 

To a-volume of 2.0 mi with different concentrations 
of the RNA standard and re-distilled water, the RNA determi- 
nation was analysed using the same analysis outlined above 
(2). RNA standards and blank {re-distilled water) were 
analysed with each set of RNA determination. 
4- *ORCINOL REAGENT 

The orcinol reagent was made daily prior to use 
mrceconcisted of.adding 1.0 ml jof 0.022. Ferric Chloride and 
0.1 ml of 6% orcinol to the RNA sample. The orcinol was 


dissolved with 95% ethanol. 
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DNA DETERMINATION APPENDIX C-IV 


DNA contained in the extract was measured by the 
indole reaction for deoxypentose according to the procedure 


of Ceriottis(l975)) as meodiited by Keck (1956). 


REAGENTS EQUIPMENTS 


azihydrocholori c& sAic id aatintemna tional 
GEGi Clinical Centri- 
fuge; 


eZ SN THOd ¢ 
b- Pye Unicam Spec- 
b- Indole*# trophotometer. 
PO O62" india jee 

1- DNA STANDARD SOLUTION (CALF THYMUS DNA) 

ihreeeto, four mi lltorams of Calf Thymus DNAn «ac 
rscoived in’ a.-25 m1 pradtent. tilask wlth. 3.0 mi of 20.3N 
NaQH and about 15 ml of 0.6N PCA was thereafter added: -The 
Standard solution was heated in boiling water for 15 minutes 
and cooled 1n ace-fLor’ LO minutes. . The solwtion was then 
Drought up toa final wolume of 25 ml making a final concen- 
tration of 80 ugm of DNA ‘per milliliter standard solution, 
2- DNA DETERMINATION AND COLOR REACTION 

A 0.5 ml volume of 2.5N HCL and 0.06Z indole res— 
peetively, were added’to 1.0 mil aliquots of the DNA fraction 
into screw cap tubes and placed in boiling water for 15 
minutes. After cooling for 10 minutes in ice the hydrolyzate 
was then extracted twice with equal volume of iso-amyl 
acetate (in this case 2:2). After spinning for+LOeco.. 0 
secs ina clinical centrifuge, the suspended iso-amyl was 


then discarded and the yellow coloured samples were read 


116 


es 
. 
LENO G 2 
ae ie 
’ ; 
™ 
¥ 
, . 
a 1 
i 
s vi 
: . sé 


POS ie 5) Pe ys ~“iee -6/79 2 4 


Ed (he Bah kateaaig i ae 
if 4 ’ ; ¢ ii 7 : a 5] *4 


rt ¢ tae | a Mes: ie 
al SM D3 Fee Zo note - 
v 
‘ i" A } 
—, i i 
re 
a “ t » gs 
i - me BS A E-me © 
a ? wu 
(Yk & 
‘ 
torn . 
A F ’ a4 
* 
5 ° 
§ 
Pack 
& 
‘ a DO 
— 
bs 
ay y ‘ 
=~ re 
'* + 
{ Be —.. & 


¢ yd ue na a7e 
af2 Ta fiouprts Cut ae be ki: ve aS 


yy Od et POL SRA Oy TO) gk 


°F Yoo aneioy ‘ sips) kate 


at Eine fh: ie ie 
uy nA : 
eh oy Pe p A 
2 J : _ ni X 
Ly 4a - : = 
rit y heel é 
ath, Vi la oe rane yas ie 
Se Likes ! as 


4 o> A Mess > : ps i 
Tt fi 7 
iy eit { ¥ ry LA 


: wi a TY 
pea 1m! fay 


| edi Ste oy Le, eee 
i HST a Pee 7 Pe, " i Rew ays 


¥ ; 
, 


_— i 


; ‘y oes eas fo a ; a 
a: wai) to fs st sed 


Poerod’ Aa bso sit owe teen He 


a yas Ti =% BS hg nas be Ox a8 ivi ao at he 


7 | Hela 

6! Saba sar for’ oS ee) ee Law tna? Mt 5 Oe: at a 
BHaeTe: THTT IROL Pe ees te te ae 
Ax 


AG AT Aa “03 Fanta: Gs sha ea ‘ rT aimanl : ee 


4 
Sateen frene eeenee cane Sele 
’ 


‘ 7 mae y ore 
da 7 ee me .” hal ee 


60. bas: G9 WEE. ap sion, Be 08 


a aia hous 
i + onlay 


YOR b, 


na 


a i sh ; Bae ia? 
| ONL KG aa 
A) on wt rena kage 199 K, if 
. 4 Oia ane ii ' ; . it im 


Kae. 27 » dapat 
me is i ae, 
gat ik ; Bam 


he 


cy 


in a spectrophotometer at 490nnm. the reaction of deoxyribose 
with indole in 2.5N HCL gives a yellow colour with a sharp 
absorption peak at 490nm. 
3- DNA STANDARD CURVE 

Lolo UM Volume Of diff erentecone en erat ion of 
the DNA” standard with re-distilled water, the analysis was 
Similar to the one described above (2). DNA standards and 
blank (re-distilled water) were analyzed with each set of 
DNA determination. 
4-  *INDOLE REAGENT 

The indole reagent consisted of dissolving 0.06 gm 
peeOomLOO-ml with re-distilled water. 
DOE NGO LLLV LLY 

Thessensitivity of the method ds Ben of DNA and 


even down to 0.2 or 0.1 ugm in micro modification. 
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HYDROXYPROLINE DETERMINATION APPENDIX C-Y 


A modification of the method of Neuman and Logan 


(1950) was used to determine hydroxyproline. 


REAGENTS EQUIPMENTS 
HYDROXYPROLINE EXTRACTION a- Castle Orthomatic 


Autoclave; 
a~siydroch louie sfeid 
GHOI: 


i3— 12N HCL; 
b= Gonco Red Indicator: 
ii- 0.5 gm dissolved 
in 100 mi 257 


ethanol; 


e- Sodium Hydroxide 
(NaOH) 


i- 3N NaOH; 


adsiNoricA Calkatigme): 


HYDROXYPROLINE DETERMINATION ©¢0*a- Water Bath = Thelco; 
a- Cooper Sulfate b- Metabolic Shaking 
(CuS0)): Incubator; 


i- 0.01M CuSO ec- Pye Unicam Spectro- 


> 
photometer. 


b- Sodium Hydroxide 
(NaOH): 


f>G2.5N IN@ZOHs 


c- Hydrogen Peroxide 
(H,0,0): 
i- 62 H,0,3 

q@— Sulphuric? acid 
(H,S0,): 


i- 3N H,S0,3 
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e— Ffara-Vimethylaming 
Benzaldehyde (p-D.A.B.): 


i— iwenty-five em of 
recrystallized p-D.A.B. 
was made up with 500 ml 
of CPN propanol to make 
a 34 “solution. 
1-— \HYDROXYPROLINE STANDARD SOLUTION 
pe EO ANE RY COM LEE LON 
The stock standard solution consisted of 0.1 gm 
Hydroxy-L-Proline in 200 ml re-distilled water making a 
final Hydroxyproline concentration of 500 ung per mili vicer. 
This stock solution was stabled for up to 3 months under 
refrigeration. 
Z— ) UYDROXYPROLINE DETERMINATION AND COLOR REACTION 
One ml of the samples of 1.0 ml each were done 
ane eraplicate. To the samples, the following reagents were 


Boagearan, Sequence: 1:0 mi of 0.01M CusoO FU mde Od 12. SN 


4? 
NavH and 1.0 ml of 62 H,0,. The test tubes were mixed 
ieee at room temperature for 5 minutes and then in- 
cubated into an 80°C water bath for another 5 minutes. The 
excess peroxide was destroyed by shaking vigorously during 
the incubation. The samples were cooled quickly in an ice- 
water bath. Four milliliters of 3N h,S0, were added with 
agitation and then 2.0 ml of 5% p-D.A.B. were added. The 
samples were then incubated in a 70°C water bath for 16 
minutes and then cooled in tap water. The pink coloured 
samples was read in a spectrophotometer at 540 nm. 

3- HYDROXYPROLINE STANDARD CURVE 


To a volume of 1.0 ml of different concentration 


of the hydroxy-L-proline stock solution CTE ere ee ese 
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20 ugm/ml as required) and re-distilled water, the analysis 
was conducted as above (2). Hydroxy-L-Proline and blank 
(re-distilled water) were analysed with each set of hydroxy- 


ProLine determination. 
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APPENDIX D 


RAW DATA 


FOR EACH DEPENDENT 


VARIABLE 
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APPENDIX D-I 
TABLE 5-Raw Data for Body Weights (BW), 
Heart Weights (HW) and Left Ventricular Weights (LVW) 
of the Different Groups of Animals - 


? Se a ee ene ae ee Ere ee a ae ad, ee AS ee Sp Saat Re nye Sere ae ose way Some tenes sy une ear aasid ia Sh 


BODY 122 Th30 436 314 500 525 481 546 ATI 332 
WEIGHTS 119 464 354-6 410°- 495 454 415 468 525 560 
(grams) 123 435 362 348 468 534 453° At 495° 477 


Tivgaile ee 351. 532 456 

123 
Means 2200 416 369 339 500 489 451 509 Ee Mae | 
+sEM py rentiro eh G — Shog SP ba 290 eee een, 
HEART 482. 1310’ JIGS 3182 1203 404 “1379 4373 1085) 109s 
WEIGHTS ASS... 1263. 1080 1957 132%, ~1991 1205. 1000 §1282 i366 
(mg) 525 1235 0956 1109 1278 1357 1229 1402 1284 1407 


442 1068 WIO2 19344 ys 

490 1283 
Mean A73- 13921. 1008 O40 1294 2297 S274 122) 2284 1249 
+SEM +10 +85 Tile Ou OU Fag tao 59 +41 +69 
LEFT 959 735 768% 593 ne 134 Tol, 672 580, Gi 


VENTRICULAR279 720 642 728 889 648 670 538 631 689 
WEIGHTS 284 707 5284 6310 742 745 654 653 678 721 
hg) 242 676 509 608 650 709 665 548 689 670 


265m, #80 602 675 680 
240 640 608 695 633 
246 718 
Mean Zo Le eG 7 652, 2 595 710 684 700 617 640 632 
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TABLE 6-Raw Data for Total Protein Content, 
Concentration and Protein to DNA Ratio 


of the Different Groups of Animals 
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APPENDIX D-III 


TABLE 7-Raw Data for Total RNA Content, 
Concentration and RNA to DNA Ratio 
of the Different Groups of Animals 
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TABLE 8-Raw Data for DNA Content APPENDIX D-IV 
and Concentration and Total Number of Nuclei 
- of the Different Groups of Animals 
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TABLE 9-Raw Data for Weight per Nucleus, APPENDIX D-V 
Hydroxyproline “ontent and Concentration 
of the Different Animal Groups > 
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